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Six separate experiaents were undertaken to test the 
hypothesis that poor readers in firsts second, and third grade Mould 
ha¥e more difficulty with simple perceptual discriminations than 
would good readers in the same grades. Yarious tasks were used in the 
experiments, including discrimination of line orientations, checking 
letters in three^letter words against a fourth letter, discrimination 
of letter pairs occurring in various contexts, auditoryvisual 
integration, and letter matching and word^to^picture matching under 
different cueing conditions. Besults in general indicated that 
differences between good and poor readers at these grades lie in the 
reaction times required to perform the discriminations, and sometimes 
the patterns across various tasks, rather than in error rates. It was 
hypothesized that proficient processing reaches an asymptotically 
equal reaction time for simple, well^rehearsed discriminations, but 
that poor readers a^en by third grade have not reached this level. 
(iuthor/4i) 
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! ^straet 

Tte mix MjperinBnts regax^^ hei« are aimed at danonstrmting to eMltom 
from aades 1, 2, md 3 that "OiMe desiffiated ty their teadws as betog 
"poOT" readtt« show cCT^idaebly mare diffaculiy m-Hi mxplm pfflreeptual 
disOTimnations thai do reader. This ^«ata» diffloul-^ is not 

reflects to diffOTenoee betwem ttie ^ gca^B to -Oimr otot lates, tut 
rather to the gaieral levaL, aeO. s«»tii«s the pattOTis aOTOss various tasks, 
of the reartiOTi tines rejuired to p^onn the discriminations, 

B^riront 1 ejamtoed reartirai times to "Owm tasks mmm Itoe OTienlations 
wa^ to be disOTJidnat^. Etet, sTOnd, «id -ttilrd ^e good, nediimj and 
poor readers ysm^ ecopared to college-level readers on -ttie t^s. For -ttie 
children, task and ffsde ^educed sigrdfioant mato effects, tut readtog 
level did not. Task ^educed a signif leant mato effect for allege-level 
reader. The pattern of lateieies acorss "Bie 'Otcm Une-discrMttnatton tasks 
was not eleM>, althou^i the task r^ulrtog diBOTindnatiOT of tro lines slanted 
to -am vL0± at t«o diff««it angles vas nort difficult far all gubjecrts. 

B^ineirt 2 eaqjar^ tte reaetioi times of good and poor readare to a 
ttoM-lett«> vord and its eowponwrt lett^ to a pacmaipft required 
^ddng eaci. agatost a "catdi" lettir. Poot read«« mto significantly 

slowM' thfim good read««, thtt« were also imto tffects fac pade and 
task. TWO sijiple prcMsaing nodels' ^^dictions were eonpared to -Om 
obsttved reaction times, and it ^ cond.udfid that boUi good «id poor readers 
show, mth inOTMse to p«de, reaction times taOTeasin^y close to those 
predicted by the msdri hypothesizing parmllel processtog of the lettops yUnm 
pd^ed toto a word. 
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Q^^Merrt 3 ccnpared ^od and poor readers' 3 agaui from &adeB 1^ 2^ and 
3 5 reactim tiwms to discriminate lett«* ^irs ocmttYia^ aithOT by th^^l%^B (a), 
in the ^ntext of a word Cb)^ or m a ward app^a^ing in a ptoase Cq)* In 
view of the difficulty firat ^mde -goar vmd&n slowed mtt tt» tteaa-lett^ 
word in B^OTinMit 2^ it tos Iwpothesi^^ in B^^a^ijiwrt 3 -fl^t firrt ^ede 
poor readers would show long re^tlon tiinss yAmi ths letters a^a^ed ^ 
contexts <b) and (c), brt that no orthtt^ ddldrwi w^d show siml^ "cont^t 
inhibition." to the three lett»*pairs tested, both fii^ ^mde good and firrt 
grade poor reada^ slww^ cOTt^ct inl^ition. Ovmrnll, poOT revere wots 
slowOT th^ good readers. In tim analyBis poo3JjTg reaction tims aCTOss the 
three letter-pMrSs orOy fix^ grade pror read^s showed context inMbition. 

B^>^Mient U coni^red the reartion tiroes of gocd and ^or read^s to a 
sijiple au^tory-visual int^pmtion t^sk, in wM^ a ^tton press tos 
reqi:dred if the letter pr^ented auditorily nBtehed tiiat ^wented %dsu^ly« 
Althou^ arrOT* rates for ^od and pOOT* readM^ wtt^ a^romiately equri, 
poor readK»s wOTe mKdi slowa* thm go^ reada^P ai^ tiia differCTceSj in fact, 
in the two ^oi^s inOTeas^ aCTOSS gcmdm. In additiotis botii SMond and third 
^ade poor riders w^^ slow» on this sijiplest of tadcs than \mpm first 
grade poor readers* 

Ekparijnent 5 ccnpffl:*^ firrt throu^ ^ftird gpadm good and poor 
readers* reactiOT times to mtdi letters and to natdi, a lljie toa&djig mtti a 
wrd when cued correctly far the tasted smd v^n cued for one of the tasks^^ 
but presented with the ottio:*. Bwe ware si^ificant min ef farts for 
readdjig levri^ gradB^ and tadc, and a sipiif leant intCTactiOT be-^ii^ tosk 

riding level, Woar reada^ ware only sli^tly slCTier than good read&m 
on the lettttWTBtchiJig tasks, but mush slcwgr than grod rmd^ an tiie irard* 
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picture mtdung taak, Ttm difftt^awes wcts p«atest betw^ first grade 

good aid pOCT? T&A&S' 

Dcpe»imint 6 tma a r^licatiCTi and o^ansion of Bcpwimait 1. Five 
additiOTal line-OTiaitatiOT pairs v&om added to -ttie OTigiml -Owm in mdec 
to furthtt' eaipOTe relative difficult of disOTiminating toii^al, vatical, 
and slanted lines. First tlwaj^ -Hnrd pade good aid pOOT read«« and TOllege-. 
level readers wtt« ^n^a^ed. tollege-level rMdere shawed imOi mm.'n.&r latewies 
than good rteder^, and good rwdOTS fastCT thai i»ot r©ad»s. to ccbh 
paring latOToies aCTOSS ttie -to^, good readOTS aid rallege-level riders 
tended to show fairly equal ^AtCTcies, oteept in -Uie tesk r^uiring diawim- 
ination betweoi two lines slants in ■Om Mme directi«i at sligitly differait 
slopes. (This tadc also product the slcwBSt reaction tiros in ^eciimnt 1.) 
Poor readOTS, on the otlw hand, slww^ lm%m and v^iable diffawwes iii 
latencies across -Bie eight todcs. It was h^thesized that -Bie latter diffOTenoe 
lends sv^^ to the lOTOthesis that icient ^ttcessing reaches an asynptotically 
eqiial reactiai time fOT sinple, Mell-rtfMK^ed disaiimJiatioaM, but that pow 
readers evm ty third grade see far fvom r«acihing -ttiis level. . 
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totaroA^i^ to the B^^amnents 

Th^^ m^i^mmitB repealed hmm w&ob dmmifft!^ fm tw f^Mnal pvaposM. 
One ws to dOTOTStmte ttat tim^ are si^ilf icant dif fawMS in the good 
3^ -poor rMdOTS pcooemm single pCTCeptual disa^immtiOTS. It vms ©^ectirf 
that ttisse dif fffi«was TOid.d be reflect«i In tiie fart ttat ths pCTceptu^ 
tasks prestfitad to the ehild^ TOuld be diff««itially difficiilt fOT thOTf 
depmtog xspm ^itmOm^ they vwe good or poor reatos. Ttm 6i£fw&iom ware 
hypcrthasized to be othOT ttffli just thOTe ^*«?s^ tiiird pmde pocr readtts 
show dif f ^wt raartion time pattOTis from -Qiird p«de ^od r«ders birt that 
th#se pattCTns are tiie Bam as ttoae shwn by firet grade ^od reatos* Ttm 
lattOT findlrg wuld su pport a "da\^l^nental lag" hjf^-^SM witt^ut li\dng 
any todioatiOT that poor PMd«^ learning my diff««it prooessing pro- 
eediffes tiian good readfra* Only in B^WMWit 6 v«s ttiOTet hcwevOTt the 
kind of pattOTi dUf&moB shown, ai^ it coulds of eoiffse, ba argi^ that 
if oldffl* poOT readers wwe teatedp ths pattOTi differwiQa wuld disappsar. 

The second man purpose of ttte presmt stiriies was to dCToistemte clearly 
that poor TmmA&B jmtmm less wril ttan ^od readera on evm the si^lsst 
perceptual disarfmnaticns* Surparf.staglyi poor read«^ have oftm bmn. 
shown to perfOTm equally as mil as ^©d read^ on such sinple tasks (e.g., 
BXaak, 1973 1 LasUe and Calfeet 1S71). The results of eadi of the six 
studies r^^ed h&m show sig^icant diffwwicss in good and poor rMders 
in grades one tlrou^ tharee, lbs ij^OTtant point to note is -ttrnt in nsarly 
all the studies^ the «TOr rates do not discriminate betwem good amA poor 
readers i Ttm differ^^s ap^K* ca^y in ttie reartion tires, ^^armtlys 
theni rwction tii»s are oftm a prefOTable ineas\« to «ror rates, since 
they contlnw to refleot diff«wi^s in good md poor reader, ^st the tijne 
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that ^ey are Indexed ^ enror rates* 

Ttm ispartmy^ of spm^ in pOTfcradiig sinple pa^eptoal disOTMa^ticns 
sl^uld itself be CTphasized. A rammer of resear^^s (e.g. 5 l^&ogm^ 1973} 
Posn^ and Snyd^^ 1974) , in ^rfOTnatim-^OTOSsing are ciarrOTtly erandjmig 
the role of airtanatici^ in proQessing. 'n»y gOT«mlly define airtOTBtiei-ty 
as the ability to p^fCTm a ^a^ep^hjal disCT^imjsatiOT mth little or no 
conscious attentiOT to it. A mail index of autOTBticlty is spMd. Clearly ^ 
autofiaticity in proMSsing nany ai^ various k^ds of urfooMtiofi is necassaiy 
in efficimt reading. Ihe studies report^ h&om all seCTi to u^cate 1±at 
good readers are naldjig nwdi ffomatmr process towQ3?d iimMial spaed on sljrple 
discrijidjiatiCTis than are poor readK^j even on taste so sijiple as disOTMiina- 
ting line orimtetion, and in chilA^ as old as ttitod gators. 

The passant reacticai tiro results ttens can ai^i^d to support ttie 
position that vmrndiMl reading classes shoiid spend considerable tJjne on 
sMple perceptual disCTimnations* But not jtirt acciira^ shDid.d be sttessed 
(Saimiels, 1973). Inrteads the goal ot these -^ks slwuld be toward "over- 
leam^ig" on the part of poOT read^s* Tbmy sJwyld be able to make dis- 
crimnaticns acajrately but also at a sprod equiv^OTt to ttiat shwn by 
gDDd readtt^. Si facts it dMS nrt semi unreMOTable to suggest jno^dng 
toward mBasurOTejnt of reactiOT tiros on practice tasks in rmedial classes. 
Such a procedure coid,d ^ Msily and cheaply accoi^lished. In li^t of 
the results report«l h^e^ the intt^uction of such a procediflre appeare 
higM.y rarranted. 
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B^>eruient 1 

DlsCTiJidnative feooaBiiiig of L^e 
te^imtatiCTi by Grod biA Foot Naders 
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Gibson (1965) has mtpheLSXzed the Mportance of analyziiig distinctive 
fea^^res as a to good reading, l^^^e (1973) aid Sanraiiels (1973) have 
suggested that efficient reading r^uires not only the abili^ to use 
distinctive featm^e, but fmTthOTs ^ili^ to analj^e distii^ive 
features autcmaticallyf autanaticity being defined as tiat process ^^ch 
does not require conscious attmtion durtog the time it is being cKried ait. 

In acquisition of skills in ^mlyzing diettoctive feati^^s^ "efficitocy" 
in process Jjig should show at least three mjor tl^oretical cJBracteristics , 
First 5 analysis must take a v&y srall arount of ttoe. Second^ a discrMd- 
nation should use the ^nallest nun^^ of f ea'to^s logioally necessary to 
characterize "Hie diff^enQe* ^d thirds a consistent ratha* tten vM'i^le 
strata^ should be used. 

Nitrous recent studies suggest tMt (^il^^n wl^ tevp reading difficulties 
but who Mve no appar^t saisOTy or notOT^ dysfta^tions nay lave problems in 
basic perceptoal processing fimctions* Fot* ffisurple^ MelsteJji (1971) shov^ 
that betta^ read^s ^ddbit more acojrate pOTception of tiJiie ^flian pror readers j 
arvi suggested that twie ^ocass^ig is important in mioh aspects of readijig 
as perceived sequential amangeittTts of wrds and regulating fiM^tion 
pauses di^ijTg reading* Reilly (1971) doiiCTistemted in children Gcrndt 1 
through 4 that auditOTy-visual Jjite^mtion is significantly OTirelated with 
raadijig level, NolMd and Schuldt (1971)s showrt that retarded readtt^s 
e^diibited lass accurate vigilance behaviOT than did iwrnal readier ' ^rijig 
(1971) danonstrated diffawces in tihe speed of "c^teml ^ocessi^" of 
letters by go^ ar^ poCT^ readtt^s. What these ar^ othw siinilar data 
suggest is tMt many diil&w mth reading difficulties may acrtually be 
using pa^eprhaal processing niDdes that are lass efflciOTt in tenns of both 
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speed and aecuracy i tl^i m^es us^ ]^ noniKl T^d&om , Is it posii^le to 
dCTonBtoate tlmt pOOT* read^^ defiGits in p^captual disGrHMations 
requiring seendngly the sijiplest 3^ds of aimlysis of dlstJjwtive fer^ires? 

To test this posslbilitys ^^sent ff&ac^ focuses on a set of distinc- 
tive features that has proved itielf to be of thMretical iirportance in at 
least tl^^ dispffimte areas of p^clx^l^iOTl researdi. Tt&t set of distiro^ 
tive features ineludes those inwlved In orientations mi its sijiplest fomj 
the s3.^t of lines* Pereeption of slant has been of Inpcrtmce in physio- 
logical and ccnparative pEyct^lo^^ iji p^c^tual developwitj and in 
cognitive deval<^5n^t. 

In the tradition of Hi^l mnd Wiesel (1959) Kid Lettvini I^turanas 
McCulloch Pitts (19S9) it has brocro clear timt there ^dst nMral cells 
differentially sensitive to OTiOTtatiCTi* In "Qie cOTt®c of Jd^ttans (Petti^Wt 
Nitera and Bishops 1968) there is evidence ttmt cells re^onsive to vertical 
and horizOTtel orientations are, in fact^ more mflifflrous than cells re^onsiva 
to other orimtations. The^ is brtm^n^oral evidOTca In sevoml subhuman 
species that captain Qrimtotions are easi^ to discrimlnata than otha^s. 
For eMnple^ Suth»land (1957) dOTonstnat^ that octopi &n Iw^a vertical- 
horizontal disOTimijmtiacis^ but not dia^ml OTes* In luBMnSs toldsteJji 
(19675 1968) shDV?^ that m rt^ijizad imagas^, diagoral lines are mora 
l^ely to disappMr tlmn ara hOTizOTtal or vt^^tical lines. Vtede (1972) 
showed that althcu^ th^a were m ^ffmrmmBm m fading iji diagcnalSj 
v^^icalSj QTid hcrizontels TOTOcularlyj there was more fa^i^ biiwculOTly 
of diagonals. EssOTtiallyt thmii ttima is a suggertion fran ttte physiologiori 
and TOnpamtiva litwature of OTpunismic advmtage in daalli^ vdth verticri 
^id f^rizontal orientations ^ and relative ^Md\^tage far slants orien- 
tations . 
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and Tettoo' (1963) show^ v«y little difficul-^ mth disarimljmtiCTis between 
horizontal and v«tiMl lines in.diil&w 3 to 8 y^aos old. But disOTiiraiating 
oppositely wiented dia^ial lines, howevo', vas ortremely difficult far 3-, 
4-, and 5-ye» olds, becoming easitt' for 6-, 7-, and olds. OIsot (1970) 

In an extensive study of ability to deal m-fli dia^nality showed ttat evai ftflien 
children aged H and 5 coiOd disOTajranate dia^iml lines, -aiey gmaally could 
not reproduce a diagonal patten of eh^ws on a ehe^rbMrd. Steayo? and 
Anas (1972) dammstrat^ that although duJAw had e^eeial difficul-^ 
matdung diagOTaUy wient^ shapes, ^actice whidi «icouraged attentian 
to CT-ientatiai, narked dnprovmient sIwoti in drawing gMraeteio figiffes 
containing diagonals, i.e., a rlwrisus, and dimond. SitOTestingly aiou#i, 
McGurk (1972) «a3 able to sIwh that anfants as yoimg as mix won'Om can dis- 
criminate OTientatiCTi of lines. He suggests -fliat it nay ..be an adaptive 
stoatesr for object and shape coMtaney, fac -Qm ijif ant to attmd more to 
identity between dif fffiwit wientatiais of facwe and leaw oriwitatirai 
differences theuBelves relatively unatto^ed. 

Tim probl^ of slant p«c^ion str«td»s also into tl» study of devel- 
opnental copiition. Actually, as Olsai (1970) md otlws point out, peroep- 
tual and oognitive ^wesses »e ^btoly paort of a eontijwlng analytic 
process, and the distinctian is maintained l««ely tap pmgimtic reasons, 
tfadkay, ^ZOTdale, and Wilsrai (1972), an aamning cOTSOTwtlOT tadcs, 
suggest and thai stoically deraanstrmte -ttiat Militias to Oem horizontors 
or verticals appr^iately lately d^md on -fte "difficul'^" of tte situatiai 
in whidi enervation mmt be carri^ art. BeilMi, te^, and R^anOTdtz (1966) 
had ^«viously suffiest^ the sane Wnd of notion, birt had placed nore w^hMis 
on conceptual ^ilities thm on ^c^tual otbs. 
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of distinctive featiffe to &mmm. If it is assurod timt poor readOTS wm 
poor, at least p«rtiaaiy becausa they lack effieiaioy in aimlyzins distiTO^ 
featwes, mil it be the case that evmi with an riansnt^ faatiffe lite «4en- 
tation of line, they mil show eitho? slow^ pffocessing or evidmee of a node 
of processing diffwwrt foai that of ^ readws? ftrobably ty Mrly ff«de 
sdiool, there will no longw be &^\xcmy diff««ioes an disa?ijranatiai of 
orientatiOT, but thare may adst latmey diff««ioes and, for that reasOT, 
reaction tiroes were e^mn^ in -tim present stu^. 

Specifically, tlwee cadentation tasks ware aannn^. Ta* 1 reqmred a 
button-^ss response to a line tilted 30 dep«es to the m#it (30R), and no 
response to a line tilted 45 de^s to «» m^t CWR) (the catcfli rtdmilus). 
Task 2, sham by Rudel and Tei^ (1963) to be the most difficult oie of 
tlwse whidi contoines hwizaitals, vw^icals, and aa^ials, required a 
button-press to i+SR , and a v^ical line ms ttie eatdi stiM^us. In Ta^ 
3, the response was to be made to a line tilted 45 de^s to ti» left (H5L) 
aM a line tilt^ i+SR was tl» oatdi stlmaus. 
Theoretical R'edicticnis 

The th^ry \mdm> whidi ^«dictions an made oontoines Gibsai's (1965) 
notiOT of pe^ftual diff«^iatimi uito distinctive featiaes wi-Oi ^ 
aesiiiption that prooessuii fftoat^s go in a pareunOTious dliwtim toM»d 
use of the aallest of disttootive features nMeswy to nake a 

correct dioice. Bi Tadc 2 of the pres«tt a^erinmt, 30R vs. v«^eal, 
one featiae ("slaivt^") is suffici«it, to tedc 3, "slafit^ to tte left" 
(the t^ of the line) vs. "slmted to tJie ritft" is 'a sufficiait fMtwe. 
Task 1 is eleao'ly ttan difficult, at least in imm of a soMrtic deso-iption 
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which, as points out by Olson (1970) may well reflect pOTC^tual dietinctions. 
mm go stinulus is at a "less aaute slant." In ottier wwdSi ^l^ly at * 
least two futures 3 "slant" "less acute" must be distinpiisl^. l^^ictions 
ea^ tYmi^ that Tta^ 1 vdll sto^ I3ie slowest latmeyt Task 2 3 being fastK^. 
if it is the case that va^icals are ©asiOT fOT the hmm. p«^^tual ^stm to 
handle than diagomls^ thm the v^ical oat^ stteulus Jji T^k 2 stolid 
make it an easi^ disOTimnation than that In Tadc 3, Cwtainly good read^s 
and adults should show the i^^«liated pattffiti* Foot btA "nediuin" reada^s a?e 
©cpected to show variation in ^ttams, a fij^ng wM^ wuld indiGate tti^ 
have not estoblish^ ^timal strategies fa* dealing with wmi such elesnOTt^y 
distinctive features as orimtation of lim* 
SidDjects 

"nwBB groups of ad2aomi wa^ selTOted from ea^ of Qnades 1 tlttcugh 3* 
In each pade^ five cMiaw wre raiwloinly saipled from p^oi^^s ^evicusly 
designated as "reada*s with sevwe difficultiM" C^ot)^ "read^ with mn- 
sev^ difficulties" (mediimi), and "advmc^ reada^s" (good). The desipiatiOTS 
w^^ made for ttie sdiool reading ppc^mi on ttie basis of teacJws' ratings. 
In additiwi^ five college studOTta mth no toiowi reading deficit w«^ rim on 
Tasks 1-3, 

Matg^ials and ^paratus 

The stijnilus lines for tht -Qwm tasks vrare prm&it^ ^ readout 
tubes vdth 2" x 2" sot^is. PrM^air^ ttie stimaus line by 500 mmm ws 
a circle nashed on the sOTeen* The Aild re^orri^ to a stogLe tattCTi S 
uiches to tiie rigrt of the readout SOTem and at a ttlt 20 dep^s from the 
vertical* Onset of the line sttoulus in tte sotwi initiate onset of a 
Stantod El^^ric ^tiraa^. tarttOT press ftcm tl^ diiJd prodie^ a 
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ei-?n,iiiii. ftf fggfc and storoiag M -Khe ttoap, tedCT of go and ca^ sttou^i i>«s 



COT-tawlled hy land ty E v*io sat besWe the diUd. Re^OTse times wwe recOTded 
manually ftrom the timgr and the tismp v«s reset before eaoh trial. 
^p^imental ^sigi 

Eadh S was givm all tltt«e tasks, witii ordar of tatfc preswtation 
eoimttt'balanr.ed across subDwts. Each of the yotmgtt' S's received 25 toia^ 
of each task, 17 "go" toials md 8 "catch" teials. College S's Mwe givei 
on each of the tteee ta^ 15 "go" teials, and 10 "catdi" trials. 

Eadi S tas run indi\d&ally. la* S sat 2 feet an txotA of -Bie sOTeen • 
and was instoict^ to keep his Indoe fingw- on the re^nse k^ at all tines. 
Ml ttoee -tosks w«« run at om sittdjig. ^ore "Oie tasks ware begun S 
received 20 trials of practice a horizontal (go) vs. vortieal (eatdi) 
discrinmiation. Also, befwe e^ tadc, E dwHed S -fte two diffe?«it lines 
tlat «ould be used, e^latoed vM* one he should re^nd to, md roi five 
additional practice trials on fhaA -todc to amme that S undws-tood the ta^. 
No Ss were eliminated for lade of itilifr/ to p&tam the tad<. Oiild m wore 
run in a quiet rocm in the elanmt^ sdwol. College Ss w^ run in a 
lab rocm in the VrmrersLty p^Tdioloor d^«*tnait. MX Ss wmm insteuct^ 
to wspcnd as fast arA as aeeupately as possiWe. 
Results 

ThB results of -fta amlysis of varianee fOT -Qvb dhixapmf^ date is shorn 
in Ttole 1. Tha<e sxm sifinifieairt nmn efferts for ©Mde and task. Ttm resets 
of an analysis of v^danee m the college sttidents' da-to an mham in Table 2. 
As can be sem, t^ a^in ^oduees a s^iifMant effect. 

Ttole 3 aUosre ca^odsOT of mem reaction times fcnc mdi reading levri 
Jji mdi ggde, pooled ovc the ■aa?ee tasks, is little dlf fapmee in -a© 
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reaotion tin^s In tl^ three pwpa fa* toades 1 ai^ 2^ but in Qmdm the good 
rtedwe are COTsidOTably fasta? tiian ttie niedi\TO or poor read«^. Adi^ta t«re 
fast«* tlan all dulcbm. Qrade 3 good readme caw c]tosest to adult rnean 
latency. 

FigLff^ 1 alleys caipm»isOTi of tl^ pattffin of ^ol^ latOTcies aarmm 
the tfwmm tasks in eadi gmite and riding levalp as weU. as ttie patten of 
latmcies across ttte tteee tasks for the adult £s» 

As pre^otedt grod rMders and oollege rhidtents ware slww than on l&sk 1 
ands except fotr Smde 2^ iwe slowert on Task 3* MOiqu^ ttiis Mre pattOTi 
held for poor readars^ &mde 2^ -ttie latm^ pattaro aOTOss the tiiree tasks 
were scrowhat diffiKwit for "Hie rmalning poups, Mso, Instead of showng 
deCTeas^ latencies with eadi liCTease in padet as ras ^cpected, medium and 
poor readers showed slowed Irtmoies in &mdB 3* 

The prob^ilities of an wror arm ^ven in Tiflsle 4* Met^um readers 
appMred to nake sli^tly more mrarB tiian ^od or ^or re^w*St College 
staidents nmde nany few^ rarare lArnn apy of toe ehiliwi- 
Discussion 

Counter to predioticnSi pOOT and mediiOT rMd»s are not slower* in 
responding ex^pt in (toade 3. In Grade 3s in faott medium and poor rMd«^ 
showed alower rMotion times ttim -Qxmt^ ooroteparts in &sde 2. Ihis is 
siffprislngj especially in ^dew of toe se«dng staplici^ of all iiwm Une- 
disOTimnation tasta. 

In tOTEis of restive difficulty of toe ttwm iMOm^ raly toe good 
read»s in &ad^ 1 and 3i a^ the poor readere in aade 2. shw toe ^^edttcted 
pattwn* Ttm rwiscn or ^»SQra for thi vmriMty of otow patttois of lateTOies 
acTMB tte tor^ t^cs is wt olMff*. Looldng at re^msa ]^ttCTns from indi^duid 
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Ss only iriiddiea ttm picti^. Task 1 does^ for neigly Ail duld^n college 
students appear the most difficult task* The relative difficulty s hOT?ev«*5 of 
Ta^s 2 and 3 is rat clear and ca^aijay varies sotdss reading levsl and grade * 

The present study does allow sevttal uito^sting gm«slizatiOTS to be 
made. Firsts as suggssted ^ L^wge (1973) md SOTwels (1973)^ evm aftw 
the child has Imam^ to use siiple distiMtive f eatings ^ he contirsuss to 
inove toward faster ^ ai^ presumably worm effieimt processiJig of ttose features. 
By college age^ there is ronaidCTably more speed on ttiese swpls ta^s than has 
been attained by good r^dw^ in Qoade 3. Whethw -tim smm sttmteffir is being 
used by the diildrwi and college studrnts and the cai^rents getting fast«*5 
or whether -flie strateffir ac^lly dimngBB^ is unclear fron the present data* 

Serond^ thffi^ is a clear drop iji speed on these v^y siirple OTiOTtation 
discrindjiatioiis for Grade 3 medium ai^ ^or rwde'S* MthDUgh one wuld 
enpect tiiese diil(i:wi to make sloww pro^*ess toi^d "autanatici^" or at 
least ^^t effici^^ with distinctive featiff^Sp it is sin^rising to see 
that they seen actually to lose granrf. 
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TABLE 1 

Summary of Analysis of Variance for the 
Grade x Reading Level k Task Interaction (Grade School Chfldren) 



%fiii ir€L§k 


df 


MS 


F 




45 






Levels 


2 


.1327 


1.90 


Grade 


2 


.3656 


5.24* 


L X G 


k 


.0912 


1.31 


error (a) 


37 


.0697 




Within 


92 






Tasks 


2 


.1088 


25.30** 


L X T 


k 


.0022 


.52 


G X T 


k 


.0037 


.88 


L X 6 X T 


8 


.0071 


1.65 


error (b) 


7*^ 


.0043 





^ signiffeant at .01 Uvel 
significant at .001 
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TAIL! 2 

Summary of Analysis of Variance 
for the College Students 



Sou ree 


df 


MS 


F 


Between groups 


2 


26306.0 


7.58* 




Within groups 


12 


3468.3 







^ ifgnfflcant at .01 Uvel 
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TABLE 3 



Mean Latencies (msti€») for Children 
and Col lege Students, Pooled Across Tasks 



Grade 


Good 


Med I urn 


Poor 


1 


860 


875 


861 


2 


695 


737 


713 


3 


557 


781 


809 


Adults 
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TAILi k 

Maan Probability of an Irror 
for Children and Collaga Students 



Reading Level 





Good 


Readers 




Medium Readers 


Poor Readers _ 


Grade 


Tasks 


Tasks 


Tasks 


1 


2 


J 


Coinblned 


1 


2 


? 


Comb i nad 


1 2 


? 


Comb 1 nee 


1 


.13 


.05 


.08 


.09 


.13 


.10 


.18 


,li» 


.05 .05 


.13 


.08 


2 


.18 


.13 


.18 


.16 


.23 


'.23. 


.23 


.23 


.13 .10 


.25 


.16 


3 


.18 


.23 


.08 


.16 

- 


.05 


.18 


.18 




.18 .23 


.13 


.18 

-1 



Task 





1 


2 


3 


CombI ned 


Col lege 










Students 


.02 


.02 


.02 


.02 



.A 



■ ,-3 
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Figure 1i Mean latinciii for colligfi-ievil rsadirs, and for grade ichool levil rsaders as 
a function of gradij task, ind reading groyp 
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Reaction Tinms of Gcod ani Poor ^adaps 
to a Word and its Caj^cnmC Letta« 
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. 24 
The stu^ re^rt^ hmm is part of a stt*ies aimed at datamnijig 

6i£f^o&nt fraoi those of go^ readtt*s* E.J. Gibson aiggeffts (1965) ttmt 
Ml leaCTmig to rttdt ^tao of "Ote flost- iiipartmt initial rt^s asmi 

(1) laaming to dis^im^atf ttie distlMti.vs features of lettei'Ss ^id 

(2) leaztnjng to disa^lmnate "His dirtinctive f ea^hnnes of wk^. Both 
of these abilities Glea?ly inwlve basic ]dj^ of pCToeptual processiiig, 
Bjyi it is totOTd these basi^ proressing aoti^^ties ttat ttie presmt resear^ 
is aij»d# Whettw* slow reader have tewbla proMSsliig disttostive 
features of lettera seems to d&pmd on wlmt Jdnd of tesk mmt bs p^?- 
fooned on the lett«^* Ifetz and Wi^imd (1971) ^CTwii for ^anple^ ttiat 
in sfflnmng for lett«^^ slow and fart readtts shc^«l no latmoy diffOT^wes 
S^ing (1971) 5 how^«?s showed that in m^Wdng ^pitri letterej slew 
read«^ are sloww -flan fast read«*s* 

A questiai rriat^ to tiiat of reaotim timss to single lett^^ Mocems 
what havens to the perwptual processing nm^mxmm of slow readers whm 
letters are put together into wrods* WittiDut taldi^ a position on whether 
lettere are identified by imtehing tCTiplates or by inatd^^ distinative 
featitt>est tj«re »e ttree Ip^caUy possible tCTpOTal ^tanatives for 
carrying out tihe proMSsing of ttie word* It inust hm notedf howerort ttiat 
th»e e^dsts a lijidtati.on to these -ftree posstoilities at^y }4tmx a 
situation is arron^^ so ttiat it is r^ess^^ to dhedc eadi *tatt» before 
deciding i^t word is. MterTOtiw 1 is **»e the rMd«^ ^cks eadi 
lett» in tum (Rffle ^^al). MtOTmtiw 2 iLlora disOTimmtian of the 
letters to go on sinailtamouslyi but su^rts timt Urn beginning processing 
of eadi lett«* im^ ock^ s»ially (Seqimtial Start ftrallel). Alterative 
3 is y^mpm the read^ ^adcs all letta^ slmul^i^usly (Pwe Parallel). 

28 
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(It shsuld also be roted -ttist -ttie s^uaitial start parallri model n^es a^Jrical 
predictions ^out rMCtian tmmm that arm not diffopentlflblfi frm. a model -aiat 
suggests pmm parallel ^o^ssing witii tiie ^ooessing time for »di iMtt&c 

sli^itly ej^ard^.) 

If a tla^-letter wort is processed MriAlly, ^wessing reaction time 
sl»uld equal the sOTraation of reaction times to ea^ individual lettw, 
niinus nctor time, plus me notor timB c^on«it. A reasOT^le estlnBte for 
ftm mtav tine in a sli^le reaction tioB is 200 nsee. If a vnrd is 
processed in a piffe p««llel way, the reactlrai time r^uto^ "to jwocess it 
should equal the latai^ required to do ttm mst difficult letter. Tim 
Sequential Start PMallel node! predicts -aiat ■tte latency to pffOMSs tiie wOTd 
will be ^«ater -aian the latowy of -BTe slOMert letttt* and less tten -Otb s«rfal 
proMSSUig latOTcy. 

Ihe goal of the ^s«it a^»ijnwrt is th^fold. Fiiwt, it ^dcs to 
disOTijidnate whidi of the above three inodels of vmd pTOeessing are being 
used ^ good and poor reada^. Seoond, it sedcs to detttmne titethffl?, in 
a disOTimnatiwi -tesk, slow readore vdll ptt'fonn niOTe slowly on lettar' 
stimili than good read«^. TMrd, it se^ to detmnine vrtie-aier pOCT' 
read^ show nore diffieul-ty In disOTiminating WOTds than do good readare, 
onae relative ■pmpSomsmm on letter stumli is controlled. To mate 
tlwse three detafidnations, a word is iwed as tl» "m" stlmius, and 
six "catdi" stinuli rantonly distoibuted teto tJ» -tadals force the 
cMld to diedc evmy letter position befOTe issutog a re^nse. Then 
individual lettw discruidnations are made betweoi the conpoiwt lettera 
of the go word and the a]^roppiate eatdi lettOTS. In tlds vmy ^ 
relationtfiip betweoi latwioies to processing single anponart lett««, 
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latermes to ^wess vAfflle wordS j ttte relationships betwem ttose 
latencies cai be M^ared for good aM poor r^l««* If riow rMdare 
show a dif f s^OTce between siii^a-letttt* mid \^le-4^^ processing that 
is equal to fart vmdmn^ tt^pm is SidwatiCTi that their problmi vdth 
words lies p^immily mth individual letta^, Ifj howe^a^t the 
diff»«ice beti^en siii^^letttt* and vAiole-iTOd ^^ooessing is gnaLt& 
for slow than for fast read^^^ thorn is indication ttiat for tt» slow 
readeTi a ^oblem lies both in ^^crinanatlng the distinctive faattires 
of lettCTS and in disOTimnating the ^stirertive features of ttie wrd, 

Desigi 

lb ^camine the lOT^thesiSs latenpies to the wrd "ftm" (with cateh 
stimulus worts "bun^" "fan^" and "fta?") wwe oOTpa^d to latmcies to tiie 
raiment individual letter ("f'* with "b" as ttie catdi stimulusi "u" with 
"a" as the cat^i wd "n" wlto "r" as tiia cat^). The orda^ of presentaiton 
the four tasks i«s oount^balang^ across eiijeots* 

Each subj^ re^i\^ 20 trials cm the wed tadcs inclining 6 
catch-trials. Tan toials were ^vm on the ttwe single-letttt* tasks 5 
eadi inclxKllng three oatcji trials^ If a diild made mrm timK two arors 
in the wOTd tadc or nere thaivone mxw in the si^le-lett«* tad^i that 
task was c»npletriy rq^eatrt at a lattt» tljne. Tim ortor of the trials 
in ttm tasks was rindomz^. 

Subj^ts 

StudOTts had bem prwiayimly rat^ by tl»lr teaeha^s as beini poors 
m^iOTi good rmd^B^ Five good and five pow readws frm eaeh of Gtades 
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1, 2, ai^ 3 «OTe thm xw^^y selected fton the pool ^vided by ttie teaehers' 
ratingB. 

Slides of "^p^ Btinnilus y^cdm aid letters wh« jnada and pcot^t^ onto a 
back-lighted sareai in fttart of svagwt, A ■tecMstoso^ic knitter m frcait 
of the proi^ar conteolled stimulus OTSet suid offset. On Mdi trial mm slide 
tray was nsanumy dbs^^. A button-^ss ^ t3» e^itt'ijaMittt' amtlated virtually 
simult^eQUs opaiing of -Om tachistoscopic diutttt' stating of a Stoi^ar^ 
Electrie MillisTOond tMer. 

The si&jects sat app«»Miately 30 nm fran the scre«i, tl» stimai 
distending a visual angle of apppa^tatiAy 1.** dep«es. A response ^rtton ms 
located ijiTOdiatriy in frmt of the swtoject. Pressing ttm re^onse 
button both enosed tl» shutta' amd st^ed -ttie olodc. Ihe dodc tijne 
was reoorded raanually by "thB ^parfmKittt', and thati reset, 

Koaedtare 

Eadi si&ject was tested uidividually in a quiet room in -tte school. S^jeets 
w&rm instructed to keep -aieir indwc and udddaA f in^rs on the re^nse hrtton at 
all times, trial was started \aitJl -aim subjwt wis fixatuig that part of the 
sOTeen in vMch ttie stimaus would oasur. Ml faxp tasks wire tested at one 
sitting, unless the mrm rates wqmr^ additiMal testiiig. Before each task, 
■Bie si;toject was shown -aie wfflxl ot letter to ^Mdi he was to re 
words a? lett^ whidi ^mcm catdies. Ttim on all fo«p tadcs ttiB subjMt ma 
given five preatim trials. If ttm subject still seraed »n&sed, addi- 
tional Fractice trlaas wk« givm. Ite subjeots MK»e Aimjated for lade 
of ^ility to perfoMi the tadcs. ' 

Results 

False alioin error rates are Bharn m Mae 1. As be s^, poor readeare ; 
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mdm slJ^rtly nere otots -Qmi did ^od readers. Peer TmaOmm also had a 
Iffl^ffl' rubber of H-oda of trialB had to retested because init^ 

^TOT rates w«« unaec^taKLy Mgh. Ttm diffowiM in ancm imtes betwem 
good poor rMdare *es not pose a pTOblen to intwpretetion of -Qie 
reactiCTi tdraes, siiwe on all taste, poOT vmAm are slMm, Tim effects 
of thgjy sUgWly tdfimc mvar rates can tB tticai into sx^Mmt si^ly 
hy assuffling their reaction times to be soMwhot id^mc thm "Qw a^sp, 
•Oter^y oiay inrpeafling -aie difference betwMn their latsmes and ttose 
of tte good readers. 

^e. .cciipttdsons of reaotiOT tiaiBS for the good «rf -Qm poor rMd«^s 

aades 1, 2, and 3» for the foia? iSMka aapm Oiam in Hgiffe 1. M sterai in 
the analysis of variance aaoK^ed in ftble 2, th«« are siffiificant maiji - 
effects for reading level, ff\ade, amd tmk. Tim ^od readere at all p«des 
are faster on aH four tari«. 

As can be se«i in Mie 3, predictions for -fte Mord-tad< rMCtion 
timss are nu^ elosK' for the paraUri -Uian for thm mopial raodri. It is 
not possible to distinguish betMB«i ttie se?ial-rtart and -flie p^allel nodri, 
suwe the fonnw does not quMtif ied ^«dietlons mthout fiflrtter 
elaboration. Tm points ««, nawtheless, inportOTt to wakm. TtB fi^t 
is that the differences betwMn the obs«v^ ^taicies and -ttiose predicted 
by the parallel nodtfL d^«ase aCTOSs gpades for botti readuig levels, 
mis would have to inply that if sequMrtial-stwt ^^cessing is op«mtlng, 
the start-tiros must be clos«' -togethw in t^ lu.gh«? ^ades. A sawnd 
ijipwtant aspect of the data is -ehe varlatiOTi in differoMes bettiBOT 
observed reaction time in tte w»d task and the parallri pi^ffrira as a 
function of readuig level. The poor K«ad«re sxm nwfli sloww on the vnrd--totfk 
as ocsiiared to tte lett«»-tada -Oian -ttie f ast rMid«« are. lW.s pattwi is 
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refleeted not only in thm pooled latmaies, birt is reputed at ttie indi^^diml 
level in 73 pCTcent of the poor readg^ Bi^d 73 paTGent of the ^od readK*s. 

Tt)B fact ttiat tMrd ^^e ^or vmd&cm avCTSge longtt* reaction tiros 
than second ^ade po^ rmd&oB is mt a tr^id r^eatcd at tM individual 
level, but results Soam one tMrd ^mde subject who pr^ieed ©rtreOTdinarily 
long laterasies on aU four tasks. As can be sem in Figuro 1, elimnatlon 
of that subject puts the 'Qwod pmde poor readers at a level apprraMately 
^uivalant to that of ths seTOirf grade ^lor readgB. 



Msoussicn 

The inDst striking a^^rot of the data rqOTted h&om is tte fact that 
poor reader at aU ffrndms parfOTn so nwdi more slowly "ftan good readOTS 
in spite of the seradngly sl^le nalM« of the tadcs. It is wicOT\riMJjig 
to wgue ttat tte pertforTOme diffa«^es can attributed to Bnotimtional 
differmces. All childzw r^orted to be recited about being taken 
out of the clasawm^ and since the tasks took only a shOTt pMlod of 
tiro, all children were able to sustain int^^st and enttiusiaOT about 
"playing the game*" vnyen even motivational levels and with 

a very^ sawple taskj poor reader pM^fonm^^ is so mudi ^OtW^ it is not 
at all surprising ttat tiie lag is so great at the mu^ niore COTpl^ level 
of actual fli^nt reading* 
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Mean Protabili"^ of a False Alarm 
QTrOT for Each of -ttm Twr Tmks 



Word Letttt' 1 Lett«' 2 Letter 3 

aade (fun) <f) • Cu) Cn) 

Foot readOTS 

1 .17(2) ,13 

2 .13(2) .13 

3 .17 .07 



Good readera 

1 .20 .20 

2 .20(1) .00 

3 .17 .00 



Note. The nuT^rs In paffwrthesas refw to the mntoer of blodcs whidi wo^ 
retested because of unaTOept^ly hi^ ttror nates. 



.20(2) 
.20(1) 
.00 



.20 
.27 

.00(1) 



.07 .07 
.13 .07 
.13 .20(1) 
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Siflinaiy of .toalysis of VariMice 
far X Readijig Lev^ X Task 



Source 



df 



m 



Between 



29 



Readiiig level 
Grade 

Reading level X QcadB, 
toOT (a) 



1 
2 
2 

24 



499746 

331688 
51991.3 
53606.1 



9. 32-' 
6.19^ 
.97 



Within 



90 



Tasks 

Level X tasks 
Grade X tasks 
Level X pmde X tasks 
Wcrav (b) 



3 
3 
6 
6 

72 



66186.2 
16926.3 
15755.9 
21589.9 
6365. 8 



10.4 
2.66 
2.48 
3.39 



Si^ificait at p<.01 
'Signif leant at p<,001 
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TBblm ai R^^ediated and Otea^ved 
ReaotiCTi T^mm fOT the MOTd-Iiek 







Rr^lctions 


Obsaved 


Grade 


Pare Parallel 


PijTP Spriial 




Go^ read^s 


1 


722 




1766 


783 


2 


619 




1456 


683 


3 


551 




1252 


S86 


Foot readers 


1 


808 




2024 


1105 


2 


663 




1598 


7i>6 


3 


754 




1803 


783 
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Rearticn Tiires of Good and foap Reato^ to Sin^e 
Imtt&K and LettK^s Bito^dad m Itods ot SOTtmces 
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■ - - The present study is part of a series exanomng pattw^^^ 
in perfOTiances on sinple disa-imination taste by good vmda^ . 

That th^ are clear diffwences vgas showi In tasks requiring diffttwitdal 
response to lines at various OTientetions (ThOTSon, 1974a) , tasks requiriiig 
swittdilug after the start of the stimulus frcm a lette' dis«»linination to 
a meaning disOTljnination CThoreon, 1974c) . md a tamk re^^nm eithtt- 
differential respOTse to sijiiple letto's w to Mords (IhorSOT, 197Ub). In , 
all ttoee kinds of tasks, poot read«« start out and rawiji ala^ in oyerv-. , 
all latencies than good readers. In ttie line-oriaitation task, althai^ 
it was a^cted -Umt the sinple nation of -flie -task would ^^ce no 
dif fences in latOTcies aCToss tasks, poOT readws wried greatly for 
the various line pairs -aiey had to distij^h. Good r»daps varied seme, 
but to a lessa' dep«e. Mults showed no latOTQr diffanences aOTOSS tiie 
tasks «tc^ for •tiie line pair tilt^ in -Hie Mme directiai, one HS decrees, 
the otha- 30 depws. Une OTieitation, basic to so mudi of 13ie visual dis- 
crlinijiatim that imist go on in readijig, seans to be aitanatic fw 
readers and adults, smd madh disOTlmuiation goes on lii tiie same period of 
time. Evm thirt-^de poOT readers, howeva', have rwt reach^ su^ a 
response level. 

In the ffldtddng study, firat ^mde pocr readers arm much slwer in 
natdiing both lettK« and wOTds m-Gi pictitt«s »rre^ondlng -to -flie wOTds. 
Second and third ffmdm poOT read«« are only slightly slos^ on the letter- 
natdiing . than -aeir. good-read^'. cohwtSj 

words witti pictitt«s. Having to switch ftcni preparation fro one tosk to p&c- 
f OTmanoe of the other" 1^ to todi ^^attt- response deOTanmt f ot -aie pocr 
readers conpared to good readaps, only for flrst-^de poOT readers and oily 
on the letta-matdmig tadc. H«"e, a^, -Giot, poor readera do not p«*OTm 
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well ev^ on anath^ very SMpla ijifOTnmtion^proceesing taskp ^ttoi^ the 
svdtching betweei tasks wlddi Intuitively smmm more diff ictat did not cause 
the pToblmm that w^e ©qparted far the poor readers. 

In the study cOTp^ing lata^ies in tasks requir:ung disOTimnatiori of 
three letter wrds^ and ttedj» oaTponmt lettCTS^ good read«B slwwd latmcies 
to the wc^ that were nea^^ly as short as latOTcies to -flie sii^le carponent 
letters at Gtmdes 1^ 2^ and 3. Foot readOTS, oiJ.y slightly sloww on letter- 
disOTlmnaticm re^onsasj slwwedt at iMSt in &mde 1^ a large diffor^tial 
betwe^ single-letter and wcrd-discrMiination latOTcies, This would sscti 
to indicate that at least initially^ poor rMdere have gomAt ^fficul-^ in 
discriininations when latt^s are put together uito wOTds. 

^e findijigs discuseed ^»ve uiMoate ttiat poOT readers do produce 
slow» disaniminatOTy responses to suple sttaili than do good readers. Is 
this finding of inportanGe to und^star^iT^ "fte reading deficits of poor 
readers? Samels* (197 3) analysis of the tediTOlog^ of reading aiggests 
that in leaimng to read^ "acajra^ (of siirple ^SCTlminatiens) is TOt 
CTiou^. ThB student must go b^oM aQOuam^^. to tiie level off mitanatlci'fy^ 
a level in which an accurate re^onse can be ^vot mth little conscious 
effcrt." Althcnigh SOTuels does not Mn^letely define autcmatici=ty5 he does 
specify that its nmji IndCT is speed. Oth&o resear^tt^ (e.g. 5 l^&ogB^ 
1973 i Pbsn^ and Snyda^, 1973 j ^sn«* aM Snyd^', 1974) suggest that aito- 
maticity Cot "automatic activatiOT processes") occ^b when -^wessing goes 
on without conscious att^tionp ai^ vitmn its occmreroe ^es rot i^ibit. 
smy ottiOT processtog. 

The stu^ repOT^ed ham is desi^^ to aimlyze ncre clc^ely better 
the slo^rer s^ed of respor^liiig shown j^or readws can be atteabited to 
lack of autonatici^, Ihe task us^ is sindJ^p thou^ not ^m^mlOTt to 
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that used by Reicher (1969), Wheeler (1970), and toueger (1970), all of whom 
presented subjects tachistose^ically with single letto'B or letters anbedded 
in words or pseudoMords and adced iiym to idoitify the lettars . In Reicher 's 
(1969) study, wl»se results ware -^ieal of all the studies, it vas found 
that the lettera w^e identified cOTrectly an 64 pOToent of -tiie •trials, wl^ 
presented singly, airf on 73 p^cait of -tiie teials vfliei presaited in wrds. 

The finding of single lettw identificatiOT being aid& W its placaimit 
in a word is refCTred to as cOTitart facilitation, ^le Mplication is-GTat oOmc 
kinds of similtaiTOus processing that go on in words fMsilitate -flie lettar 
idaitification i^ccessing. In a paradipi othervd.se idwitical to Reiclwr's, 
'nioiipson and mssaro (1973) told subjects befOTe stajmlus presenlatiCTi which 
of tm lettOTS they would Imve to decide betocOT and -Oitt^^ eliminated -Hie 
wead-facilitatiCTi. Ihey ^gued raivincingly that -ttiis result denwns-temtes 
that cont^-facilitation results trcm the redundancy of inforamtion available 
in wrds. This •Qiai is furth^ confixmation -aTat asJdr^ subjects to disaplmlnate 
letters in words is jftodjclng a task wha«3ji autcnatic processljig of at iMSt 
two Bffts of infoniBtion is liJwly to go on sijnultaneously, one kind of processing 
in fact, actually facilitating -ttie othw. Bit«nestin^y, the presence of 
other letttts has not been shomi, at least fw adults, to ijftlbit disOTimination 
of cai53onent letters. Thm findings -amt pOOT ready's, especially first-ffmders, 
show so nuch difficulty whai lett«« are put ■togetiitt' into WOTds (miOT^on, 
1974b), may be ii^cation -amt pOOT rmdmm wiU aduiit cmvtart-inhibition 
rather -aTMi facilitation. In-faot, given -a^^ 

to analyze l<3tt«rs pwped in-to words, mm youngs' good readtt« nay show -Qm 
same effect. 

To test the hi^othesis -Uiat cont^-irMbition or, in other wrds, lade 
of autcmaticity may 0000* in all ^ungOT rMd««, and con-djwe to a^ear in even 
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older pOOT* readme 5 a sirple p»adign vms designed. Qiil^ren vmom &mm at 
the hegir^dng of moh blodc of trials two Ifrtta^ th^ wuld be adced to 
diserimnate* Onm lett^ (the positive-set stimilus) required a ^tton 
pr^ss; the other (the mgative-set stimilus) Sttved as a "catch" stimilus. 
To wE^m the disOTimination as sijiple as ^sstoles ttie lett^ al^ys oocurrod 
at the begiiming of whatevOT stimilus string ms presmtedt ^e letta* ws 
presmted iji three conte^rtsi a) mmgly^ b) in a word; or c) in a smt^ce. 

In choosing the ttffee ^±ob of lett^s ttiat ^^e used| tiie clust^ 
analysis of letta^ reported by GibBon, Sclmpirosand Yonas C1968) was used. 
They obtaijied conftision matoices frm sevOT*year^old chilA^ far two sets 
of nine capital letters awi th«i ^ ^mtdjoitg the \my the latmcies for 
discriminatuig pairs of lett^^ clusttteds product hierardiiQal steuctures 
ij^lylng sequential use of distinctive feati^es of the lett^s sudi as slants 
straight luieSf ^^weSs or i^Lzant^B to ^sttoguish then. The hittarchical 
analysis is shown in Figi^ 1. Letta^ ati ^f&pmt brandies at the top of 
the structure am easier (take fwar ^stinrtive feature aMlyses) to 
disCTradjiatet Those farth«» d^m in the stoiotis^ are mere difficult* An 
easier discriinination (Task 1: E-B)t aM a more ^fficult disOTlmnation 
(Task 2: Z-N) were selected for use in ttm ^^sent ^^eplmmt and both 
placed ijito tteee-letter words. A disCTdmnation ^uaUy difficult to 
Z-N (Tadc 3: K-N) ^s also ctosent but ttie letttts ^&om placed into a fcor- 
lettor wrd* 

_ Having sfflipl^-in -Biis^^ v^^ 
follomng ^^adictions were made. Old^ ^od reada*s sh^ld be able to 
diSCT*iiiiinate with equal latoicies aCTOss ^Om Imttw^ word^ airf sCTtOTce 
tt'ials, but iTiay show ovOTall slo&w re^^nses far K-N and dis^ijiilnatians 
-flTan far B-E. Foot Tmd&rs and -tiie youngest good readere ots ^^roted to 
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slrarf cont^ i^bitiCTi whm letttt* aid mvd »nditiOTS are cOTp^^* TtdB 

prediction is basal on the aBwmgtim "flmt automaticity in processii^ aBpects 

of the yKfrd aspects of the lettOT is not occiOT*togt BMause the addii^ 
of wDi^s to neke a sant^ce is done at a poixit carisiderably rOTOved from the 
lettCT^ to be diSCTMmmted^ there probably will TOt.be worm ijMbitlon in 
the sent^ee than the WOTd condition* Since the cMldrm mil all Joww 
before eadi trial what lett«*s to disOTijninate, cont©rt facilitation 
should^ as in the Itapson and Mass^^ stody^ oeci^. % 

Method 

Subjects 

S^d^ts w^^ rated hy their teacho^ as beii^ poOTj inediimt or good 
readers. Five good and five poor readOTs ftofn (i^es I5 2 5 airf 3 were 
randomly selerted fran the pool provided 1^ tim tmch^s* ratings. 

Desigi 

The tmee contasrts: a) sliigl^ lettOTj b) mrdi miA c) SOTtmse^ 
tested for each of the three letter-pair tasks. The eorditions tar each single 
letter-pair wa^ presmted tt^eth^^ alttoagh the OTd^ of the three conditions 
was count ^balmced, Ord&p of pres^tation of tiie tl^e letter-pidr tadcs was 
cointerbal^teed across sLdDjects. Each diildp then^ pOTforiMd nine blodcs of 
trials (e*g*, Ta^ 1, cont^s a, b^ c). Fot aa^ blodc^ ^e child received 
five prmctice trials 5 and thm 13 rec^rt^ toials. Tmn recorded tri^s in each 
biock contained positive-set stimili r^mrto 'a re^nse . Tiwem 'te'mls 
contaijied the negative-set stimili* For the K-N tasks K ras tte' positive 
stijiulus, for the Z-N tosk^ Z was 1^e positive rtto^uB^ md for tiie B-E 
tasks B was the positive stimlus. 
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StMull and Apparatus 

Each lettWp ward, or sOTt^^e ms presents on a slide t^^oh had hem. 
taken of a tj^d stMulus. Thm ttoea tasks, mdh ronsistdjig of a positive- 
rasponse and a negative-response letta», wrdf and sOTtences are slmm m 
Table 1. Thm slides projected onto a badc-lighted screOT di^otly m ^ 
front of the subject* A te^dstascopic shutt^ in ftont of the l&\s of the 
projector opened similtanecusly with onset of a St^id^d ElMtt^ic tii«*t 
A response button vms situated iJiiMdiately in ftwit of the siAjeot, below 
the screOT. A button-^^ss turned tte tmso off on trials the abject 

responded* On the oth^ trials the o^a^inmtffl* ^ss^ an a«illiiry batten 
to turn off the tlmEr. Mt&o mdh ttial the shutttt* ws closed^ tta latmq^ 
was recorded^ ^nd the tw*^ vas nasally reset* ^e subject sat a^roxJjiately 
30 CTi fron the s^^^s the stiimili dist^^ng apprOTinately 1,4 d^^ees of 
visual mgle* 

Procedure 'i ^ 

Each st4>jert was tested djidividimlly iji a qid.et rcon in 'flie sdiool. 
All tteee_tasks wa?e run at one sitting* Before eadi ronditian of tiie -Qtpee 
letter-pair tasks ^ tiie subjecrt was shown MHple slides mnd was given five 
practice trials to assure wid^standing of the task* 

^ The subject was iiirt\icted and frequOTtly rminded to re^ond as 
quickly as posstole but nrt to make fflrCT«* Before initiation of each trials 
the ^cperinOTt^ ^^ked to see that the diild's eyes w^e d^*ected at ttie 
appro^iate position on thm maremi^ ari tlat his ind« and middle fj^CT^s 
rested on the respoise k^. The ^cperljiimter ^mised fast and aodrote 
responses, mr^ reprimarrfed xAvm a slow or an imorawt response \«s made* 
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Any blod^ w whidi tmom than two arws mads Mm^mtely 
taminated^ ^ the subjert was retested on ^at blodc at a lat«» tiiM, 
At and of a sesBiont tha sidsj^t was -Giari^d far perfOTniiTg well on 
the test, Thm tasting ^wedure gm^mlly r^uirad about 25 minutes for 
each sub j act, 

Itesults 

False alarm prob^ilitias £or tiie nine taek^cont^ blodks are Btimm 
in Table 2. No aabjacts r^uir^ blodcs to ba r&cm. bacausa of ui^Mept^la 
KTor rates* As can be s^n^ amda 3 pom rMd«^ nade sli^ly nwe ttrors. 
thi^ those in Grades 1 and 2. amda 2 gDOd rMd«^ also show sli^tly higha^ 
maan latOTcies than thDsa to a^adas 1 a^ 3* Iwor rates aOTOSs tha nine 
task-blocks are fairly equal. It slwuld be notad ttmt m any Bta^ ^canimiig 
reaction tiites^ the toadeoff relaticnship ^OTatuig betwean speed ar^ moamBay 
is a problCTi if diffOTent ^^pa m^e -Qia toadeoff da^fa-ently. A reasonable 
approach is to asaane ttiat tiie less aarurate group should have a constont ^ 
added to their raactiOT tunes in ord«* to be made ccnpOTable to the warm 
acctTOte group. Stoca the poOT read»« are slows* on ev«y ta^ than tiie gMd 
readers 5 the as^jnptlOT of an acUed instant is iwt problenatical, 

Reaetion times for eadi of ttia nine task-cont^ blodcs are shown for , 
good read^s in Figure 2 and po^ read^s* re^tion times are shown in FigL^ 
3, Tables 3, 4^ and 5 show ^^ysis of varl^^e raailts for ^ch of the 
three lattCT^padj? tasks indiviAially. M can sem^ -fte reading level 
effert is sigmficant for all ttoaa ta^s, H^re mi^nifiamit grade 
affects in Tasks 1 and 2^ ^t not in Task 3| ad th»e are also sip^ioant 
context effects in Tasks 1 and 2, but not in Tmsk 3- No interactions are 
statistically sipdfiCTnt* 
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Results foD reartion times pooled aOTOSS the tl^^ taste are Bt^m 
in Flgi^ 4. As cm be seeiit -OmrB is virtually no coritert effect fa* 
good vead&PB in any grade wcept that i^ey are slightly slo^^sar on the y^arA 
and sentence contexts than in ttie letter TOnt^rt* Poot readOTS, at least 
in the first p^e show iiwreasing slc^ess aOTOSS the tteee contorts. 
Grade 1 poOT reada»s show mesm reartim tiros appr^cijnately 100 msec 
Blow^ than ^ade 1 good rraders^ ^t by aades 2 and 85 thB difftt^ice in 
good and poOT readOTs has been IcM&pBd to only about 50 msec. 

DisCTissi£»n 

A first conclusion to be d^ived frmi the results is timt mithet* 
good nor poor readtt*s are aided in disOTimnation of letter^pairs whm they 
are presented in contact with other lett^^ * These outoomes are not directly 
cOTpar^le to ttiose of ReicJw's (1969)^ Wheels' s C1S70)^ or teueger^s (1970) 
since the ^cperim^tol paradlgn was dis similar # In fact 3 the par^lign is 
closer to that of Thoaipson ai^ rfessaro (1973) in that the altomtives 
are ep^lained mi detail to -tim siAjTOts befcr^ eadi blod< of teiris* Ttat 
procedure presumably lassmed the ^^babili"^ tlmt reAmdmor of inforaiation 
resulting from previous toowledge of s^UQ^es of lettws in words would be 
available for use. To test 'ttie relation be^^ieen tadd.stoscopic and non- 
tachistoscopic presentations t "Hie preset paradigni of collet tfiould be 
replicated using an adilt sanpla* 

A furtiier conparisai to be not^ is "&at beta^m -flie results reputed 
h&e and those of Sidth (1969) and ^tt and Sm.13i (1970). Tl^se studies ^ 
the fipst testing adults^ the secmd ^testing diiliwi iji ^^es, 1 ttem3gh_, _ . 
1*5 ^camined facilitation reaalting ftom taowledge of s^umtiri dependmcies 
among Irtttts m words. Lott sani Sidth (1970) ^^^ased ODntrast fwm a 
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* poijit yihm displayed weords or lett«^ could not be reads up to recognitiOT 
level. Ttmy found tMt first ttoou^ fourth ©^adws facilitate (re-- 
quired a lo&w CCTitrast ratio) to re^^ii^e lettws ai^dded in rnvdm ttian 
' to vBODffdzm lettCT^ alone. The aMunt of facilitation ijicreased ttffoi^ 
&^d# ^9 and diildren in Qrade 4 ehowed tiie saiM aniount of faoilitati^ as, 
adults had j^wiously (Snitht 1969)* Ttm authOTS cOTCluded in the devriop-^ 
nMital study that (±d1jtami seen to have relied "a^pptotio pwformanee 
on sinple wOTde. * *befOTs fifth p^a." 

It is clear that s^e the present stu^ eHmtaates s^umtial re- 
dimdmey as a cue^ results matching those of lott and Smith are not 
e^cted* Nevwthelesss "Bie results of tim present s^dy^ togethtt* mth 
simlar findings relating sijigle-lett«' latmcies and word ImtOTcies 
(Thorson, 1974b) wuld ii^cate timt l^tt and Smith's conclusion is 
pTObably TOt warranted for poor readers. All ^^fcmances on siiiple 
v^rds are not at asjsi^totic for pror readwSp at least in tim smm that 
they natdi adults' or even goW readas' ate^iptotes. "Not^-o 
the groups tested h&m shw facilitation firom the contorts , ^ey fit^uently 
slww "cont^ ilihibitiDn, " Both grod and poOT reatos in anade 1 are 
slowed in making letter*p^^ ^SOTiminations whffli they ffl?e placal in 
sentence or ptoase contertp regardless of 13ie difficult of the letter^ 
pa^ discriinination itself. 

Since sequential r^untoni^ effects have pMSUMbly beOT elljidnated 
in the preset desipi, contert-wMtdtion similar to ttiat phCTfamemn re- 
ported by *ltaPpTOn ^ ffass«o (1973) is not im^^ected. Poor read^^s in 
&ades 2 and 3 also ^ubit cmt^rt*JjftU>itions althau^ Uie eff^t is less 
marked* Good r^d^s in Gr^es 2 aM 3 5 on tiie ottier hai^t slww apprOK- 
iiately reaction ^tiimm aOToss the -Qwm cont^ti • 
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A final point reg^^dijig tiia present remits c^neOTis the g^«c\^ 
problen of Qie effects of jj^levant stiroilation on childiw'a prwessijig 
of letters* rfany devCL^Mntri stupes Ce^g^s ObIm* and ItofsJQrf 1965 1 
Lubker, 1969) docimmt tiie fact that younger diil(te«i tmd to re^nd to 
irrelevant cues. Fot eKmplep U^«*.(1967) preeented ei^t* and tm* 
year^old cJiildrOT mth a two-chDiee discrlmimtion in whidi up to three 
dm^siOTS %mn TOried: fma^ hr^^taessp and si^e. Only one dUineMion 
was relevant to the disCTimirmtion. LMroing was sip^icarrtly slower 
with one or tro iw^evaffit diJiiOTsions p The results* r^>orted 

here siAstantlate the detmnmtal effort on disorlmiimting letters that 
m\ "iz^levant contert** (ttet is^ otti^ lettOTs) 1ms. ' Tt^m effort is 
marked iji all young«» rmM&oB^ but is e^ecirily steong in tt^ fij^t- 
grade pow reado^s* Further evid^ce is ^ovided, "tti^t that a seeiningly 
sijiiple i^blfflis namely disarfiniiiatijig lettere in ttie TOnterts of wrds 
(or phrases) is not a SMple problen to the poor read^. 
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Table 1 

m the Niria LffttOT^Pato Blodcs 









Positive 


Nsgative 


Positive 


Ne^tiva . 


Positive 


Ns^tive 


Task 1 


E 


B 


Eat 


' Bat Eat ti^ top 


Bat the top , 




Task 2 


Z 


N 


Zip 


Nip 


Zip tha cap 


Mip the cap 




K 


N 






l^xdc the cap 


Nidc the cap 
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Mean Rr^to^ility of a iW.se Mann : :^|| 

far Eadi COTtext of the TiWBB Lrtt^Pair Ta^s '-r^ 



lA 23 IC 2A 2B 2C 3A 3B 3C ^faan for ali^f 



Poor readtt^s -S 



1 


.00 


.13 


.20 


.20 


.20 


.13 


.13 


.13 


.07 


.13 


2 


.07 


.20 


.20 


.13 


.00 


.13 


.13 


.13 


.20 


.13 


3 


.33 


.47 


.07 


.20 


.20 


.27 


.40 


.33 


.20 


.27 



Mean far 

grades 1-3 ,13 .27 .16 .18 ,13 .18 ,22 ,20 .16 



Good read^^ 



1 


.07 


.27 


.07 


.20 


.13 


.00 


.07 


.20 


.07 


.12 


2 


,20 


.27 


.20 


.27 


.20 


.20 


.13 


.13 


,27 


.22 


3 


.07 


.13 


.13 


.00 


.13 


.27 


.27 


.13 


..13 


,14 



Mean far 

gradei 1^3 ,11 ,22 .13 .16 .15 ,16 .16 .15 ,16 



false al^m aror is defln^ ae a tutton-presB on teials vtmi a mgativa- 
set stMulus TCoia^s. 
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^le 3 

affiUBry of Amlysis of V^ianca for 
Readir^ Lev^ X Gmda X Ta^ 
iHmBk I5 E-B Dlsa^ijmiiatiOT) 



Source 


df 


m 


F 






29 








Reading level 


1 


462393.0 


6.23^ 




Qmde 


2 


445574.0 


6.00^ 




Reading level X Qoadm 


2 


18073.4 


.24 




BcTor (a) 


24 


74267.8 
















Within 60 . " , 


Tasks 


2 


137473.0 


22.69^ 




Level X Tasks 


2 


3780.8 


.62 




amde X Tasks 


4 


8030.5 


1.33 




Level X ^de X Tasks 


4 


10771.8 


1.78 




Error Cb) 


48 


6059.9 







^SignifiGant at p<.025 
Significant at p<.001 
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Suniary of Amlysis of Variflnce for 

Reading Level X Qcadm X Task 
(Task 2, Z-N DlsCTlmimtion) 



Source 



df 



MS 



Between 
Reading level 

Readajig level X &mde 
Errw (a) 



29 

1 
2 

2 

24 



730441.0 
861239.0 
3028.0 
81395.0 



8.97' 
.58 
.04 



Within 



60 



Tasks 

Level X Tasks 
&mde X Tasks 
Level X ^mde X Tasks 
Qtot (b) 



2 
2 

48 



49006.1 
26119.5 
87725.9 
17785.1 
677917.0 



1.73 
.92 

1.55 
.31 



Signlfiearrt at p<.01 
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mie 5 

Swatim^ of Amlj^is of Variaroe fOT 
Re^ijTg Level X amde X T!^sk 
(Tadc 3^ K-N DisCTiiiilmtiCTi) 
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Source 


df 


MS 


F 


Betwe^ 29 


Readljig level 


1 


732965.0 


9.36^ 




2 


. 751160.0 


9.59^ 


Readijig level X aade 


2 


60501.9 


.77 


Error (a) 


24 


•78305.1 













Within 



60 



Tasks 

Level X Tasks 
Grade X Tasks 
Level X Gxmde X Tasks 
BcTOr (b) 



2 
2 
If 

^8 



11721+1.0 
4361.5 
14488.3 
3520.6 
7654,0 



15.32' 
.57 
1.89 
.46 



Significant at p<,01 
'Si^ifiMnt at p<,005 
'significart at p<.001 
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Figi^e 1: Results of a hiwwrohical clustOT analysis of reactiOTi times fw 
disCT'iminatins pairs of letta«s ty seven-yMrHDld children (from 
Gibson, Sclapiro, md Yonas, 1968). 
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Fiaj^ 2! teACTioN Tiis OF POOR mm on le»mscrimination im 

•—♦Ml 
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Matting AuditOTally and VimjaUy ft^esOTted Lrttere: 
Latanoies of Good aM Poor Readere 
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Ai^itOTy-visual irite^mtiOT intuitively se«ns to t« iiiportMrt skill 
in the a^uisition of affieiOTt readi^ patfCTname. Iftich resear^ Ims in fact 
been ^n&d tomrd. dascov^^ of correlations ^twei raadijig dd.ll sxid various 
msasures of auditory-viEual integrmtiOT skills # This rese^ch laa^riy 1}BB 
t^en one of two kinds of approa^* Onm approadi has uivolved requirir^ chil- . 
dren to inatdi patterns of stimilation aCTOss tvao mo^^ities, An early ^anple 
of this task reportad by Bir^ BeliiCTit (1964), Ihey repOTted that read-^ 
ing ^iliry was aoirclat^ with ^ili'^ to inatdi a visual pattOTi of dots to 
a rhythnic j^ttem of taps* Stamtt aM RudniA (1966) OTiticiz^ the Birch 
^d Be^HDnt stud^ for irdexing ^ility to natch tCTpOTal relations to spatial 
ones 5 rattier ttian abUi^ to perform auditCTy-v Isual inte^mtion. tehn emd 
Birch (1968) criticised the Birdi aiyd Belront etu^ in viw of Uie possibility 
that dif f«wit dhildrm used ^Jf awit stratep.es to perform the mtching task. 
Scsm diildr^ a^arently cotrnted the groups of taps^ wMle otha^s coded verbally 
aspects of ttie pattOT^s* 

A fupth^ CT'iticism of the Birch and Belront technique concOTied its 
reliance on short-term mmmy^ ^Addi is clearly necesMry to the matching task, 
but may be operant at diffei^OTit levels in gTOd and poor ready's Varrie VoOTts 
Smf s and Benton (1972) test^ ttie mmary hj^ttiesis by varying the time interval 
be'^een presmtation of the two stimulus patterris. Unfortunately , the interval 
manipulation had no sipiificant effect ^ making ^rect interpretation of the role 
of short-term jtmoxy in^ssible, Ttm Btady includ^j ^tamv&p^ a sijmltaneous 
presentation conditionf in whi^ poOT readm^s maintained ttieir reduced perform- 
nance level. Takw togeth<^5 the manipulations do sean to cast dwbt on 
the mOTiory hypothesis. 

A fourth ordticisn of the Birch and Belmont paradipn concams the 
possibility that a^arent difficulty vjL^ cross-nodal matcMng ao&i^ly reaalts 
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frOTi Ixi^ility to discsorndDStm the stlmili in arie or bo"^ of tte o-ttie* cxma- 
ponent modalities C^yant, 1968 1 Kiiitom mid Wolkingp 1972)* l^d^nai and 
Wolfing C 1972) 5 preBOTtli^ all tasks witti tCTporal ddSf&omoms ajnong stumlij 
found no diffecwice in witTdn- and CTOSS-modall^ problens, Var^e Voort^ 
Senf, and Btmton C1972) found the same gmeral result* 

In general^ th^, the results of CTOSS-TOdriity matcMng tasks do mt 
clear^ly point in one direction with reg^^ to readiig ^iUty- Tnat iSg tiie 
poorer performances of yoimg^ diildc^ and pror readers my be due to a 
imiltiplicity of factors. It cm be saidp hOTever, tiiat soro a^ct of the 
task does predict to less inati^ develc^ental level to pOOTer reading 
abilities^ and researchers do continue to use the gmo^ and Betoont 

paradign* For example ^ Gregory ar^ QregCTy C1973) report a irodified paradlgn 
which rnxmrdjims p&pfanmnom on a Itorse^ode stajnuli dlffffiwitiatij^ sections 
of the visual and tiie auditory pattmis tanpcrally* 

A second gen«ml approadi to ai^itOTy-vi^al integpatim relies to mi even 
greater ^ctent on mCTory abilities* In an early stu^s stOTmijig from tiie Broad-- 
bent (19S8) approach to s^dying CT^ss-TOdali-^ attOTtion, jfar^mdji (1967) 
presenter; sMultaneously tro diff^wit lists of lettei^j one auditorally- and 
one visually-presented 5 asking subjects to shadow one list or the other. She 
then r^u^red r^pOTtuig of one or tta otlm^ of tiie two lists, DOTrt^ush (ISBSa, 
igeSb, 1969) perfomed furthOT simlar sttidieSs agpeemg mth fte^min that p«*- 
forTTi^ce on the auditorally presented lists ms better. Horowitz (1969) used 
a similar procedLu^ to ©cfflii^e developmental tr^idSj bat presOTted the sane 
material to both modalities and did not require shadcmng. He found that bo^ 
kindergart^ and third^grade childrwi perfonned bettOT on similtaneous auditory-^ 
visual presfflitations than on eith» modality alone* SimlK^ly, Siegel and 
Mlik (1973) either presoited pieties (visual) or names (auditc^) of objects 
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and then varied the recall cue C either visual or auditory) ^saited to the child. 

These researeheM found that for kindergarten, second-, fifth-, and college-aged 
children, recall of visual stuitul*. ms significmtly suptt'ior than recall of 
auditoiy stimuli and tMt nodali-^ of the recall cue had no significant effect. 

Taken togeth^, -ftese menDry studies slraw clearly that the task denands 
themselves deteimne how well hoth. chil&w ard adults use auditory and visual 
infonration. When stress is placed on the systan as In the ttopmn and 
Dombush studies, there appears to be an auditory prefererwe. Whai the same 
informatiOTi is available fron both nodalitles, two modalities sean better than 
one (Horowitz, 1969). In performance in just a single niodali-^, vision seaTis 
superior CSiegel and Allik, 1973) but tiiis effect could just as easily be 
attributable to a bf^tffi» ajnage than verbal maimy fOT simple objects. 

Overall, then, available data do not allow cle^ inf^^ces about ■Oim 
relation of auditory-visual performances ai^ intention to readijng abili-ft^. 
Botti approaches described toiefly above, in fact, vrould seCTi to place too much 
reliance on n«nCTy abilities to be directly rrievant to ■flie auditory-visual 
integration process that imst go on in reading. Posna?, Lewis, and Coni^ 
(1972) point out, for aairple, ■timt "consciaisneBS of the letter [A] is suf- 
fused vath past experience: its association to other visual fOTms (e.g., "a"), 
the phoneme /a/, its status as a vowel, and as the first letter of a list 
called the alphabet." (p. 159) Posner et al, suggest that all "ttie processes 
involved in letter processing arm isolable subsystans and that th^ may be 
important psychological problfflis involved in passing control from one sub^stan 
to another (e.g., from visual to auditory systans). Ihey go on to surest that 
"coordinating modality- specific subsystans may repres^it one es^lanation of 
the difficulty in the seaningly single translation fron a visual word to the 
word name." Such shifting between cross-modality subsystans clearly ntust go 
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||Wii:U onVm v«y time ^nstmints, ^ob^Oy the p^^est time lag in read- 
- / ing occurs iii the ^e^voica sp^ vAi&om oft^ OOTpl^ visiml ^ocessiiig ocaitt*s . 
consider^ly ahead of the au^tOTy process of l^ariiig ttie feedbadc of one's 
own voice (Leviji and l&plans 1970)* " But m rMding aloud ^ imidi of tiie in- 
te^mticm of audition and vision imst go an newly swultaneously (Lev^ and ■ 
Kaplan, 1970), 

It ami be fl^her ai^ed^ tiiOTi that a diffa«it paradign is need^ to 

_ __irri^_auditOT5^visual ijite that is d^^tly relevant _to readtog* Ihe ^ ^ ^ 

present research attrapts to familate m ^^opijnmtal par^igm -^it iiioves 
in that dirMtiont Good and poor vBBda^B are sinply presOTted with ]^ttOT*S5 

... r>T>^ wigHAlj np^ M%}Mtnnry^ mr^ mm^c^ ±n pr^R^ a buttOn if the tTO Jliatchs. in 

letter names ^ and not to re^ond if t^y do TOt inatoh, Sich a tad< seems more 
directly to ind^ thB matchif^ -tt^t iwLtially goes on iji learning riphabet 
letters and the^ a^ro^iate sounds* It places vijfaally no aphasis on 
mmary abilities* Mso, since "flie task is so sijiple bivA surely basic to many 
of the aotivities perforoed early in elan^tazy sdboolj all diildrOT should 
be able to perforin at perfect accuraqr levris, ^le questton of import^ices 
thOTi» beccmes whethK^ good and poor readtt^ ^n p&rfana the orossHmodali^ 
matciiing ta^ equally qui^ly. Ag^i in li^t of its uttffl» sinplicilyt as 
well as the enonMus anoimt of ^^rtice the ta^ receives j reaction tijiie 
differences may be ©qpected in ^^e 1 go^ and poor rmd&os but rot in 
the old^ ddldren. 

Method- 

SiJbjeGts 

B^MUSe no standardized rea^Jig tests ^om adnimst^red to cMldren 
in &*ades 1, 25 md 3 at the elaiiCTtary sdiool sanpledi teacJi^re v^^pb asked 
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to list "Uieir "gocrf" and "ppor*" VBad&os and dul^m subsequQitly s^npled 
fronEi these ^oupe. Ei^t goc^ and eight poOT readers ^^*e randcmly selected 
frcm the pool provided by the teachK^e* ratir^B. 

Stinriili and Apparatus 

Ihe lower case latt^s a -tooii^ h s^ved as the lett^ stimuli* Slides 
were made of the lett^s and presented on a ba^-llghted screen approKtoately 
30 on in front of the si^jeot. The letters disto^ed approicMiately 1*4 dep^es 
of visual ^igle when obs^ved at that distance. Auditorily the lettffi^ vmom 
spoken ov^ a swigle diaimel of a Sony stero tapOTecord^* Nearly slmultaiiwus 
(jf50 msec) presentations of 'flie auditOTy visual stimuli effected by a 

modified Kodak Carousel soimd ^yi^rDni2«^* A pulse an the secoM channel of 
the taperecord^ was inverted by the sjm^ironizffl^ to a pulse wMdi moved the 
slide projectCT' ahead and iiitiated a Standard Electric tlm^* Kie subject 
button press on positive-re^onse toials tiOTied ttie timer off. On no^re^)onse 
trials 3 a button press by the es^^iminttt' tiOTied tl^ twer off. 

ftx?cedure 

Each subject was c^^fully inrtruoted about the task and then presented 
with 10 practice trials. All subjects erfiibited underatanding of the ta^ by 
the end of the praotiQe tri^s. The task always involved pressing the response 
button if the lett^s presented auditorally aM visually wffi^e lett«^name 
matches. If they did not mtdij no res^nse waB required. 

Imfiedlately aft^ the practice trials, tlnm siiject \^a^ presOTted 50 re- 
corded trials 5 deluding 31 positive-response and 19 no-response trials. Sub- 
jects were repeat^ly instn^ted to respond as quid^y as possible g but to 
neke no errors. 

Subjects w«« tested individually in a qiu.et room In the elmMitaiy sdiool. 
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At the &id of the tasting session thay v^&ob thariced far the^ ^G^ilent p^for- 
mances, l^ch testing session r^u^«d appmcinately 15 ndnutes. 

Resists 

liror percOTtages foor all ^oi^s wore lowp as can be smmi in Table 1. 
Poor raad^s made only sli^tly more &cTars thm good readers. 

The mem reaction tunes fm good and ^or readers the three ^ades 
tested are shotm in Fi^ire 1. Thm results of a two-my analysis of varia^e 
for these data points are sho&m in Table 2. As can be se^g reading level 
was a significant main effect § ^t ^^e was not* Tim uiteraction between 
^mde and reading level was not statistiMUy si^iifiQant, 

It is inportmt to note that t^ diffK^moe in good ajKi poor r^dera' 
reaction tines does not deCTease across ^^eS| but rath^ increases. Poor 
read^^ in a?ade 1 average 124 msec slo^a^ than good read^^. In Smde 2 
the differerwe incre^es to 2BZ msec 3 and in Qrmde 3 tl^ diffK^ance is 
^28:rTnseo, — " -^^^^^-.^.-^ --- 

Discission 

In that ^ade is not a statistically sipiificant variable in the 
present study ^ it can be argued that diildren ev«i &omdB 1 are 5 accept 
for some ininor fluctuations 5 near to aspnptotic perfOTronce cti the c^^ss- 
modality mt^^g task* TOiis corwlusion is e^^i^ly plaijeible in view of 
the sijiplicity and basic natmne of the task* Ihe fact that pow readara 
arm considerably sIowct* tMn good reaj^s in even this apparOTtly silkiest 
of tasks is e^eci^ly disturbtog if thm poor readtt^s tove ^deed readied 
an asyr^tote in pCTfOTiiance, It is not reasorable m this case to h^^thesige 
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that bOTedom mth the task lad to low^^ p^foCTnanQe 1^ tiie pOOT read^^s^ in 
that they stow^ good nctivation tcrard ard att^ion to tl^ task ttoDu^- 
out the testijig session. although not statirtically sipdficantt their 

inean reaction tiine is worm than 80 TOec slOTar in aade 3 than in toade 1, 
It is dif f iailt to beliave that st^ a low level parfOTirance wuld be 
e^^dbited by the ^or vrndmpSf tut the iji^lioations of the findtog 
gpeat. If so midi difficult is associate mth sinple auditCTy-visml 
inteppatibriV: it is May to oonceive of tta Mgi l^val- of dif . . 

will be associated witt tM itmm coi^plex Jnteprntion tasks that must be 
'performBd in efficierrt reading. 

An iirpOTtant ms'Giodo3jDp,cri poijit should rise be made in view of the results 
of the present study. Eiror rates (or altCTmtivelyt percental of oorreot teials) 
whi«^ are genially used as a naiji ind^ of chilctewi-s infOTiiBtion-processijig 
perforti^iceSt do not disOTMUjiate at aH between good and poor readCT^ m ttiis 
auditOTy- visual ijit elation task. It is only whm the reaction times are 
^axajTdned_thatjbha_diff^nm^ej_be c^ visij^le . Tim steiMng na-hge of t he 
lade of coii^)arable efficierKy on the part of poOT readers on even the 
sijiplest auditory- visual integration task iro^iable indicates a ole^ 
need for furthtt' studies of basic ijiforaation-^^Gessing ^ilities 
beginning readers usJjig tJm nOTs sensitive reaction-tM 
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Itole 1 

^tean ftobabili-ty of a False Alarm 
for Good and Foov Reade's 



Grade Poor- read«« Good raidK'S 



1 - ■ .02 ■ — - . _ --^^^^^^ 

2 .01 .00 

3 .02 .00 
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Table 2 

SuranBry of Analjrais of Varianoe 
for &ade X Reading Levri 





df 




F 


Total 


U7 






Reading level 


1 


5741+38. 0 


14.4^ 


^mde 


2 


33114.6 


.83 


Reading level -X &^e 


2 


27535.7 


.69 




t»2 


39810.3 





'^Sipiificant at p<*001 
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Figure 1; I^ction TI^ES of good and poor readers on the 

AIDITORY-VISUAL MATCHING TASK 
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Switchijig BetMe«i "Meanijig" and "Letts'" Levels 
of ftroessing — Difffflwmes in Good and "Poor RMders 
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Thera is cImt evid^ce that poor readme ^diibit diffiGulties with 
numerQus ^a^aptual odiponOTts thou^t to bs involved learmng to read 5 or 
in matuaraj effieient reding itself* For ^^rplai Klelstein (1971) showed that 
good readars more acciirata pOTception of time than poor reada^s. Railly 
(1971) danmstoated bett^ auditory-visual ajitegration iji good r«dtt^s. Spring 
(1971) showed that in natcMng Mpital Irtttt^s^ good readers w^a fast^ than 
poorj emd in fiartl^ OTalysas of Me dataj GOnGluded that ^ot raad^s in ttie 
Second half of liaals to temJning eessiOTs h^, slot^^ 5^t^S^*prcfeeisJng 
ponents in "ttia mtehtog ta^. » 

Qutlvla (1973) suggested diff^mtiatlng the davalopinentri racing litemtia^ 
into two kinds of models 5 asSCTtolies and systaiep An assoiibly m^el hypothesises 
that perceptual ccmpCTients of ttie reading ^wess develop indepandantly and 
that poor readers slmild show wealoiess in one or two ccnponQits but not in ^1 
of than, A system model hypothesizes that pa^c^tual aOTponents of ar^eading are 
intaxiependentj ^id that poor read^^ should tiia^efore stow deficits in nearly 
^ all reading^subskill^ and good reada^s s^mld be stt^ng-in^nearly all readings ■ 
subskills. In examining reading skills on ttie 15 si^sets of tjie Kanna(ty Institute 
Phonics Tests Gutteie was able to danonstrate the prediction from the systen model 
was upheld, ^ 

Hirthw dmonstoation of the intttrclation of pCTcqp'ttiri oOTponrnts involved 
in reading is reported by Jeffrey ar^ Samuels (1967), They shewed that kindergarten 
childran could ba tau^it to d^ode nw v^ds if ttey had acquired three parcaptual 
skills — laft--to-ri^t visual s^mtogs lattCT^soijff^ QommBpOT^&rmms^ arrf blenduig 
of sounds into words* Samiels (1973) suggests this finding ^ovidas ^ong 
evidoica for ^cistence of a hiOTarchy of pOTceptual skills involved in re^tog, 
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It seans then, that the reading process can be tooken into ^c^tual 
ccntponents which can he studied independ«itly, bat which are probably closely 
intttwven togethOT in the actual process of readajig. Tbm presait study, th«pe- 
fore, attei^ts to exanine one vmy in which conponents of reading are coribined, 
that is, "switchiiii attention" between "Ir els of processii^." Shese two 
concepts nust first, howev^, be careflilly defined. 

"Levels of processing" is a conc^t which was defined and tiien ajpirically 
denonstrated by Posn«r' and ^€tchell C1967), Posiwr (1970), and LaBerge (1971). 
Ftosner and Mitchell, for otaiple, showed that reaction tiro to classify pairs 
of stimuli as the "Mine" d^eida an whethac that match is to be made structi^lly 
(A matches A) , accordiaig to letter names CA matches a) , or matchijTg vowels Ca 
matches o). Sttuctiuml matches requare the least time, vowel matdies require 
the TOSt tljne. Posner hypothesizes the latm^ diffawices result because the 
tasks must be cairied out at different levels of abstraction, and at each level 

f 

the inforaiation requ^d before tJ^ answOT be glv^.. is .sonalttw ^eater. 
LaBerge showad in an analogous vmy tbat the ^tmay of re^nse to a partlaulir^ 
stMulus depGnds on how siniilm^ the oatoh trials are to it. Tar mmtple^ the 
lat^cy of re^nse to an OTange li^t teccmes alw&o as S nwst dif f«wtiate 
it from (1) a tone^ (2) a g^en lighti Brd (3) a red light* Agains both the 
Mount and -ft^ of inf^vation neeeseary for the discrajidjiation changes with 
each of the three kuids of catch -^ials. ^ttw^ the dianges in aniount and 

of infCTration may form > a rontirnvBUs for sinplici^ it has bem assisted 
(Posna^s 1970) ttat various diSCTrte levels of prrcessdjig are involved. 

Finally^ the concept of "attmtioml switchuig" must be ©anined, Agaui^ 
Posner (1970) s I^^e, Vm Geldo's ai^ Yellott (1970)5 and LaB^e C1973a5 
1973b) have pro%dded opOTational def^tions for ttie coTOept. Usually a cue is 



80 



used to pmpBrm S fOT* an upccmlng stiinulus. In most eases tlmt stlniulus ocaarSs 
but oci^asionally an imaj^ctad stteiuius whieh also imst re^ndad to, oaciff^s. 
Fot ex^lep LaB^e (1971) pr^sOTted a 1000-Ite tone as a mm^ and on inost trials, 
it vas follow^ a 1000-Hz torn as a stanailus* On a small pes'cmtage of trials , 
Im^mvep^ an orange li^t appe«^ as the cue and also rajuu^ a response. It 
was elearly the case ttiat respondij^ to an OTanga li^rt vAmn pr^a^ad for a 1000*-Hz 
tone product a imich p^ta* latency tiian when £ ymm actually preparad far the 
OTange light. ^ ~ - - . . 

Essentially then, the cueing tedmique allows preparation of the S_ for a 
p^^icular stwiulus and tl^ref OTe provides an opportunity to ^ranine attentional 
switchijig from "preparatiOT far to "re^onse to y." 

Riding involves cOTpDnent perceptoal j^ccesses and ,it also uivolves raovir^ 
frcm one conpOTent to another — frOT attrition to auditory modalities to attrition 
to visual jMdalitiesi firsn prccessajng of lettors to ^ocessing of words i and 
frcm processing letttts ai^ canbumtiOTS of le tter' s to ^ocessijig meamng. 
^^le^^esent- study a^mnes-this-tidrd-kind of attmtional-^ switehing from ^ ^ 
lettCT^ to meanijig, ai^ fton meanli^ to letta^Si 

The evideroe ^sout letttt* prDceasii^ In poor rwda^ is uiwle^. For 
example, Katz Wicklund C1971) showed to latOTcy or accural differeTOes 
between good and poor readers ^ soajmjjig fOT latts^. Itowevtt*, Sprfjig (1971)^^^ ™ 
sl^ed that poOT r^da^ w^e slower in mtdiing lett»s. Tim reseat reported 
h^e requires a sightly different letta* aktlls nanely matditog tm letters 
to Mch otti^s and raiparas the lateioy of response by ^od ajrf poor refers. 
It also CTamtaes the latCTi^ r^uir^ to imtdh a word to the appr^riate line 
drawing Ca i^^ning-leval match)* Ftoallyj it ©anmnes ttia latOTcy of ^od 
mjnd poDr readtt*s to switch fton ^e lett» ^tosk to the neanMg tmsk and from 
the meaning task to tl^ lettw task. 
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Mettod 

Thm presfflit mstt^ of m^pulating levels of prMessing me to have each 
S respoirf mth a hJttpn press if eith^' two lett»« were eMctly the Mma 
(a - m - nij G - 05 e - e) in "lettw" blocks^ and to re^nd if a tteee- 
letter word matoh^ a line Rawing in the "iMaiing" blocks. Ihe ^?ords used 
vj&m bats pan^ osoo^ and cap. 

In "ireanMg" blodcs, th&c^ wcts 30 trials. Sixty-sevm percwrt gf the 
trials were meaning mtAes^ 13 po^OTt wa*e neamng roniiatches (catdi trials) 5 
13 percent were switch triris wha^e Sb vmn to respOTd to a lettOT matdij and 
7 percent y^&oe lett^ roraiatches CsTO.tch catch trials) * It ws asamted that 
the type of trials iiost frequOTtly presented would be prepared for on ev^ 
trial, and Ss were, in factj ^tructed to do so. Ttm^m wff^ 30 teials in 
the "lettw^s" block, divided up in the *same wy. B^arm each of the 30-trlal 
blocks, th«^ were 5 practice trials, TOntairang 3 natches, 1 catch, and 1 
smtch. The letta^trials aj^ n«ning "briris ymn alTOLys run in 30-trial 
blocks to avoid iSttnic^ionai o^usibn ot the pirt 6f ~ the~£' s^ 
stinulus contiigencies fOT lett^ smd meaning blocks are ahc^ in Table 1. 

^s«*t Table 1 atout here. 

ThOTB were two separate orda^s of the l^rter and meanuig blocte, md 'ftese 
OTda^s as well as the ^od&p of tlm two ^?es off task w&c^ counterbalarK:^ 
across subjects. 

Subjects 

Ih^^ were two groups of subjerts, taclu^ng gTOd ai^ poor readws, 
Chil&wi vmrm gooap&i ac^^ding "to -teachOTs' di^sions into riding gooixps. 
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There w©re five children rarKjonay diosen frm both r^dijig levels fram each 
of Grades 1-^ 2, 3. 

Appara^s 

ach Btimulus pair Resented a slide i rmv prajeated at a distance 
of 18 inches onto a scrmen. Thm projected sim of the lettors ai^ wrds ms 
approxiiiBtely 3/4 inch md the dlild viw^ the screen frcm a distmce of apprcoc- 
imately 18 inches* C^eilng of a tadhistoscopic shutt^ in front of the projected 
slide initiated a Stendard Electric timar and S^m lev^ press ^jmed ttie timer off 
The slides were changed manually between ^^h trial by E. 'nie ^tOT^r vas read 
frcm the tijB^ and record^, and tte tmmr was tiien Mnually reset. Kie si^bjects 
were run m\ a quiet room in the scJK^l* 

Procedure 

The subjects 5 who Imd proviously reoei^md extensive ©^riOTce in reaction 
time ^cp^ljnentSj wore instrurted as follow fcr the n^Lnij^ blocks ard smilarly 
except for appropriate changes for the letter blocks- * 

'^Whenever the wOTd is the smm as the picture, press the 
button as fast as you can. If the WOTd does not match the 
picte^j just let it go. Nearly all of tl^ tme I mil stow 
you the word--: pi^mres but evay once in a vAulB you mil 
see two letters. If both letta^s are the SOTie, push the 
button. If they are diffawt, X&t than go. Respond as fast 
as you can on the words and piotures." 

If the child showed difficult on any of Him five practice trials, additional 
trials were given until it ws clear the ^ild imdei^tood the. task. My 
latency pmB.t&o thm ^^e se^i^s was emitted aid that trial ms added at the 
end of the ^block. Blokes COT^ more -Uian tl^e eiTOM w^e Mtest^ ""^^ 
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Results 

latencies for the mo readljig levels across the tteee ^ades are shown 
in Figure 1. Tar both preparation and switch conditions in both lett^ and 

Insert Fipjre 1 about l^re, 

meaning blocks ^ the ^or readm^s at each grade sho^ longOT latOTicies. The 
results of a 4 K 3 X 2 amlysis of wrlaiGe are showi in Table 2, The data 
were divided into four tasks - letters prepare fors lett^s to meaning 

Ins^^ I^le 2 about here 

switches^ meanings prepared for^ and n^aning to letters switehes, 'nx&om wope 
three grades ^ aivd two riding levels in each ^ade, " T}:m amlysis of variance 
shows si^u-fi^nt main effects fc^ readtog levelp grades and task^ and a 
significant intormctlon between task mid reading level. 

The difficul-ty of smtching to a level of ^wessing can be ascertained 
by conp^ing the latency to process lett^s Coz meanings) when there is pre- 
paration for the letters Cor meanings) to the 1« .emy to l4tt^s Cor me^iings) 
when an attentional switch had to precede t'm processing. This amlysis is 
shown in Figure 2, 

Insert FlgLnre 2 about here. 

As cm be seen in -Figure 25 in C^ade I5 p^^^r riders have irore difficulty 
than good readps^s smtching from mining to letters 5 but go^ r^d^s have 
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more difficulty t^an poor read^s in smtcW^ to m^n^. It should be noted, 
homv&o^ tYmt the poOT readers' latencies to n^amng matches are so long ttiat 
a possible ceiling effect my mask any furtt^ difflcul-^ in attCTitional. 
switching to the meamig ta^ fran ttie letto^ "tosk. 

In Grade 2^ pOOT ready's teve less difficulty smtchijig to lett^s than do 
good readCT'Sj but they have more difficul'^ svdtchii^ to nteaning tasks fran 
letter tasks* In Grade 3 thmpB is no large diffCT^nce m ttie tline taken 
either group to ^tch fran the meting to the latttt' task. Foot rMd^s, 
howev«^5 still have ^^ter relative (^fficulty siritcMng frcm tiie letters to 
the me^dng task* 

Ihe error rates for Lett^ Blocks and Meaning Blocks are stmm in Table 
2, As can be seenj the poOT readOTS consistmtly mde slightly more ei:iPorB 
than good tb&c.^^* 

Ins«^ T^le 3 aboirt hwe. 

Discussion 

As shovm in the present ejq^Ments poor readme are mt only consida^ly 
slower in tasks \AiOTe they have to match lettOTSj or match a VOTd to a cor^- 
spending pic^hires bivn they also sto? sip^ficant relative slorajig y^mn they 
have to switch attOTtion fran letta^ to meanijig* 

As stress^ by Samuels C1973) a child nust, to t^ane a good reader , rot 
only discriininate accurately anor^ letters but he must be able to do so with 
little or no conscious attention. Mierwise 1^ will nev^ be able to free his 
att^tioi to" WOTfc at a meaning levelt ~ In" tha^r^ults r^ort 
th^ grade poor read^s w^^ barely fast^ on matchir^ letta's than first 
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grade go^ read^s. In oth^ words, they only then r^cMng a processing 
spaed tMt nd^t indicate the ktod of autoiaticity in precessu^ latt^s t^t 
Spiels discusses, Ihese readme mttoit autoniatlcity in lett«' discrindnations 
c^mot then^ mvmn in thm third grade, sho^ as fast a irean^-level latemy as 
first ^de good readers - as is dOTonstrated by radparing j^^M^-ineardng 
latencies for poor-thijrxl p?ade and good-f^st ^mde read»s* 

As is ©q^ected hy the ^stCTS model of reading, poor r^d^s slew diffi- 
culty, relative to gTOd reada^Sp in rat only proceesijig at lett^ md meardng 
levels, but in switcMng frcm om level to the otta^* I^eqplaijmbly, both 
good and poOT read^s are slightly slater in ttie pr^aratiOTi mr^ switch tasks 
in a^de 3 as in a?ade 2. Since tteougiout acqudsition of reacUiigj the 
young rMder nust smtch dom to thm lette^ level to handle new words, tten 
move back up the me^ang level, one would e^qp^ continued improvenait in 
the speed of shifting* It would be .especially interestijig to ©^mine re- 
sponses from slightly older ^lA«i to see wheth^ the tti^ grade loss 
is only a plateau befOTe inOTeased sMfting efficiency is acquired* 

Pn additional question that seems ir^rtant to ask next is p*iether the 
long reaction timas reqimped for sMfting by the poOT read^s result fran 
difficulty in taJdjig att^tion amy fton the c^rent level of process^g or 
in iroving into tiie level of process^g to which the svdtch must be made. The 
present data do not allow eucSi a disorimnation to be mde. 
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TABLE 1 

Cue-Stmulus Contlngenclai for a) Lsttar^Matchlng Blocks 
and b) Maanlng^Mitchlng Blockt 



Letter-Matching Block 

Stimulus Rsiponis Frequency 

m-m yes 5 

e-e yes 5 



a-m no resp« 

c*e no resp. 

cm no respi 

a-a no resp. 



pan ^ yes 



cap 

car - resp. 
pan ^ ^i*r*fc<^^ no resp . 







Q 








4^ 




m 












a. 








u 






1 



car * yes 1 

bat ■* yss 
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(Table 1 cont,) 

b) Meaning-MatchFng Block 

St ifnului 

pan - ^ 
car - ^ 

bat - 

cap* ^ 




bat- ^ 
cap * 

c^c 
m-c 



82 



Reiponse 
yes 
yes 
yes 
yes 



Frequency 
5 



5 I ^ 

5 Tar 

5 l;^ 



no pesp. 

no resp, 

no resp, 

no resp* 

yei 
yes 
yes 
yes 

no raip, 
no resp. 



U 4j 



^ m 
in <M 
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TABUi 2 



Summapy of an Analysis of Variance for 





Grade x Task x 


Reading Level 




Source 


df 


MS 


F 


Between Ss 








Reading Level 


1 


2.76 


13.84*** 


Grade 


2 


• 1.88 


5.45** 


RXG 


2 


.29 


1.46 


error (a) 


24 


.20 


.00 


Within Ss 








Tasks 


3 


.77 


13.01*** 


T X R 


3 


.19 


3.28* 


T X G 


6 


.12 


2.03 


T X G X R 


6 


.08 


1.35 


error (b) 


72 


.06 


.00 



* p < .05 
** P < .025 
*** p < .001 
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TABLE 3 



^'"l5?Lhi'^%f°^^*l"'"""«^'"9 Meaning 
Matehing Blocks for Good and Poor Readers 



Grade 



I 

2 
3 



Poor Readers 



average ? trrors in 30 Trialf 



Lette r-Hatehing Meaning Hatch f no 

5* 5% 
^« 8% 



1 

2 
3 



Good Readers 



Mverage « ferrors in 30 Trfali 
Grade L etter-Match r no 



31 
3* 



Meaning Mateh 
21 

5* 



Figure 1: Latencies for Letters Meaning Switches 
and Meaning Letters Swltchts for Good and Poor Reader 



Figure 2: Latencies for Letter-Matching (Preparation 
and Switch Trials) and Meaning Matching (Preparation 
and Switch Trials) for Good and Poor Readers 
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Dlac^ifniiiative ftoceesi^ of Unm Orientation 

by Gcod ar^ Poor Readers 
(A Repliaat^n and B^Mision of ^p^Msnt 1) 
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The present study is ^nGamed mth diff»OTces betvre^ ^od and poor 
read^s in distt^imLmtijig line segrerrts at various orientations. Thoi^ 
acirdttedly only one of tlte irmiy possible distinctive attrJiutes of letters 3 
orientation Cot slart) of lines Ims ^^ved t^Dretically inportait in at 
least three septate areas of Inqiiiryi (1) m neurophysiological psyciiolo©?| 
(2) in perceptml p^diolosri »d (3) in cogaitive psycholo©?. Ttm inj^rtaroe 
of distinguisliing orimtation m each of ttese areas will be toiefly examn^ 
below. First, howevM^s it is neoessary to note that -fliers ^.sts ttecretical 
difficulty in the very defifiMg of ori^rrtation^ and eertatoly in conparijig 
ability to discrijninate orientations aj^^ss varies tasks contacts in 
which the discriiTdnation nust ^^i^. As an ^a^le of problOTS in defining 
orientation^ Pufall and Shaw (1973) point out that any orieirtaticn can be 
considered either topognaphi^lly (pTOpertiee of figures 5 unaffect^ ^ any 
deforrotion without tearing or joining) or feoTOtric^ly CrelatiDnal properties 
of solids 5 sm^faces^ lines , and Mgles). As ^caiples of ta^ disOTepancies 
in det«mning difficul"^ of orientational discrimnations, firsts MMKays 
Brazendale, and Wilson (1972) showed that the relative difficid.^ of ^mng 
horizontal and vei uioal lines (for six to nine-year-old cMldr^) depended 
upon what kind of drawing r^uirad the lines* In Figure 1 takm £ran their 
study 5 the torizontal lines to be docmm in A are betta^ produced ttian the 
vertical lines needed i;^ C. Itia tod^orrtal lines in ymmv&r^ are rwt as 
well-produced as the vertical lines required in Mso daiionstrating the 
effect of contejrt in detttiniji^ difficulty of defiimig ^fflciil'ty of 
discrimnating orlentatiOTSi Strays Ames (1972) Slowed that presclwl 
chilcto^n produced differCTt pm>fcmm)m levels m discrimnatljig fcCTia made 
up of l^es of various orientations ^ depending i^n whetter the child had 
to place the form in a position matdiing that just pr^ucad by tfm ^^imsnttt* 
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or t^ether the child had to copy the form. Finally^ Olson C1970) reports 
simile task-^ecific perforin^ces by preschOTl ehil^wi dep^id^ig u^n 
whether they mist discrljnijmtely (^^ose be^em obliques 5 and/OT repro-' 
duce oblique lines, I^irou^^ut the analysis that followSj thois ttiasa 
definitioml difficulties ijn dismss^g disOTimmation of Ime OT*ientation 
will of necessity be mrrtinually consider^. 

Relevance of tolentational Di^^ijftoations : 

Meurophysiological and C^^aratlve Psychology 

In the tradition of Evbml and Wiesri C19S9) aid Lettvin, Ma^jr^ias McCulloch, 
ard Pitts (1959)^ it has becOTe clear that thtte ^d.st neural cells diffei?OTtlally 
sensitive to OTientation. In the ccrt« of kittens CPettigrews N^cara, and 
Bishop, 1968) there is avideme that cells res^nsive to vartical and hOTizontal 
orientations arsi in fact^ wotb nmmpou^ tten cells responsive to other - 
orientations, ffeffei and Canpbell (1969) show^ in huFreins tJmt evoked cortical 
potentials to horizontal ^id vertical OTientations arm greater than those to 
oblique lines* (Since the SOTe was rat true for riectaroret Jnograro 5 the 
authors inFerTCd that the ne^^hysiolo^cal effect occurs post-^retinally.) 
Both Hirsch and Spinelli (1970) ard ttito and Mitchril (1973) found that 
raising kittens hi isolation^ ^cept for stimulation of orJiy one orientation 
during a period of either 10-12 wed<s or far five nonthe aftw births led 
to Inability to discrijTiinate other IJjie OTiOTtations* Htosch and Spinelli , 
in fact find that altiiou^ a previous study (Spinrili and Barrett^ 1969) had 
danonstrated with sin^e«Mll reoor^jigs frai the visual cortejCi that cells 
responding to obliques do exirt in nCTTnal WttenSi ttiose xmised in partial 
isolation (pressnted only horiiOTtal linea to anm eye verti^. lines to 
the other) sj^ed no diagonal-responding cells. Ihis effect seme, howev^, 
to be specific to phylogenetic level t in timt Mize and ftephy (1973) did not 
get the BBwm results with sinilarly isolate r^bits. 
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In additl^ to these direct neurophyiiDlogical findijigs tMre is betavior^^il 
evidence iji severs! si^huMn species ttet certain orientatioTis are easier to 
discriininate tten oth^s. For. ^^iplej SiAherland (1957) deiDnrtrated that 
oct<^i amn discrimnate vertical-ltoriaoirtal discrJjiiinatlonSj hat not dia^nal 
ones. In hmmm^ toldstein ClSBT^ 1968) shoi^^ed that in stabilized ^KgeSj 
diagonal Itoes are nore likely to disa^ear "ttian are tomEorrtal or vertical \ 
lines. Wade (1972) showed that alttaTj^i th«^ wa^ no di£ferer«as in fading 
in diagonals, verticals^ and tarizontals jnoTOCularlys there ra.s mre fadtog 
biTOCularly^ of diagonals. Essentially^ thenj there is a suffiestion Jfrcm the 
physiological and ccnparative litwa'ta.srejof o^amsniiG advantage in dealing with 
vertical ard horizontal orientations, and relative ^sadvantage fOT slanted 
orientations . 

Relevmce of to^ientational DiscrlmmtiQns : 
PerceptuaL Psychologic 

In developwital perception rtudMs -Qi&om we fiiidirigs cOTSiatCTit with 
the neWDphysiological and cOTparative data. Rudel and Teub^ (1963) showed 
vmyy little difficulty vdth disCT*indjmtiom betweei hDrizOTtal and v^^ical 
lines in diilctewi 3 to 8 years old. But disOTMijmtir^ oppositely oriented 
diagonal lines was ^ctreiiBly difficult for 3-5 aM 5-yaar olds, becoming 
easier for 6-, 7*^ and 8-year olds. OlMn (1970) in an eKtOTSive study of 
ability to deal with diagcnality dwwed -fliat even though ciuldren aged 4 
m)d 5 could disar»iminate diagonal ItoeSj ttiey gOT«^ly ^x^d not reproduce a 
dia^nal patten of chidcers on a dmdk^towd, Sttmyw wid Ames (1972) 
dOTc^rtmted that altlwu^ duliwi had especial ^ficul-ty nat^iiii^ diafonally 
oriented shapes i with pff^tice which encoura^d attOTtioi to orientation^ marted 
iiTproven«nt was shotm in drarang g^netrlc figures MntainuTg di^onals (i.e*, 
a rtombus ^ dlanond). Inta^st^ly mm^^ teQurk (1972) ms able to show 
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ttet infants as yomig as iijc nonthR can discrmMjiate orientation of lines. He 
su^ests tlmt it iray be an adaptive stemtagy for registering obj^t aid tfiape 
const^oys for the infmt to att^^ warm to idCTrtity betwm di^feroit orien- 
tations of forms ^d leave orientation diff^ei^s tii^aselves rria;tively un- 
attended * 

Relevarice of Chrientational M.scrdjninations' 
Oppiitive Psyctolog^ 

The problem of p^^eption of orientatim stretohes also into the study 
of developmental GO^iitM>n. Actamllyj as Olson (1970) and others ^int out, 
perceptual and copiitive procesees are prob^ly part of a rontinuing analytic 
process 5 ^d the distinction is naintain^ largely for prapatic r^sons* 
As menticaied previously ^ todays Braza^alSj and Wilson (1972) in examining 
conservation tasks ^ suggert and th^ CTpirically dCTonfftrate that abU^ities 
to draw horizontals or v«*ticals aj^ropriately lately deper^ on "diffi^ul'^" 
of the situation in which consttvation murt be cmriad oirt* Beiliji^ Ka^i, 
and R^inowitz (1966) pravioiisly suggfrtsi fte same kind of notions but had 
placed more ©iphasis oti conceptual abilities thai on perceptual ones. 
Altl^^ not a direct test of abU.i'ty to discrljiMata OTientations Drurniionds 
WillifflnSj ^id Aiken (1973) ^ow^ that not p&pQBptml stratep.es ^r ses tut 
rather "copiitive-- use of pOTceptual infoMBtion ^ffMWrtiated sOTting of 
patterns by second aM fifth ^ad«^* Finally^ Gii^us (1973) M^y^d that 
in discriminating orientational as well as otJw? features of ^ttems 
presents one view at a timSs it may be nMsssaxy for the child to store 
"information between trials" and to h«jdld thm ^stirotive features ^rto an 
''overall schmatic map''(p» 372). Clearly these Jdnds of evidenoe iMicate 
that "central pro^ssing" is an important int^cvemng event to consid^ 
when exanining disCT^imnation of various orientations, 
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^ierrtationt theng is an UTt^estirg and problCTBtical kiiid of distii^tive 
feati^ to mmtdnB^ If it is assTjued tJmt poor readons arm poOT at least par- 
tially because they l^k efficient In analyz^ig distijiGtive f^Att^ea^ mil it 
be the case that even with an elCTentary featiff^ l^e orientation of Itoe? 
they will show eitl^ mlo^&p processing or evids^ of a "diffa^it" mode 
of processing? In an mrOA&o stu^, tM preMnt auttor CThOTSonj 1974) ^cwed 
that good^ mediums poor read^^^ ai^ allege level readg^s do ^ow diffttw- 
tial reaction times to ^sorjunination of ttoea p^^^ of 3iie^oriOTtatiois 
in a Dondars TypB C chDire disOTijnination tadc. AH groups ^ot^ ttm 
4 inost difficult in disCTimnattog l^es slanted to the right 30 de^ees 
and 45 dep^es, and ^eatest ems^ with a discrimnatMn of a tonizontal and 
at 45 degrees slant to ttie ri^t. sti^ i^d not 5 hcwevert aonpare a 

sufficient nimJ^er of orieirtatiOT^pidrs to altow tharoy^-going Infi^wices 
about difficult. The presOTt researdi replicates tl^ previous procedure, 
but adds five orientation-pa^s to tl^ totel ta^ far maj^ s^jact* Also 5 
because the "mediim" readers! group seOTed Inpossible to define clearly 1 
ani identify satisfactorily it was rot included mi ttie present study. 

Mrthod 

Desigi 

to each block of trials 5 CTie orientation Ctl^ "positive" stuulus) 
was to receive a button-^press response ^ aiKl tihe othw (tl^ "negative" 
stiinulus) was to receive r» response. Five Itoe oriertations were used 
in 1£hm pairs; (1) horizontals CO dep^s)| C2) verticals (90 dep^es)| 
(3) oblique^ 45 degrees to the ri^t| (4) oblique, 30 depws to the rigit; 
and (S) oblique I 45 dep^ees to -Qm left, ^e pair CCTtoinations used woe 
as follows (the positive-stimius ori^itation is listed first): (90 dep«es- 
0 dep^es)^ (0 dep^es-4SR de^es)| (90 degrees-45R)s (45R dep«es-0 dep^s), 
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(HSR degrees-90 degrees), (HSL dep«es-45R degrees), (45R de^es-i+5L daffies), 
and C45R dep^s-30 dm^ma). TWmty-five "brials of eacJi kind of discrimination 
test^ for maOi siAject. In eadi blodc of trials, 17 teials presents •Bie 
positive-stiimilus; el^t tt'lals present«a "Om m^tive-stlmalus. Ocd&o of 
positive and negative stimili ms raMOTiiz^ a^oss -Oie 25 trials, ft^sen- 
tation of the ei^t tasks ^^re counterbalanGed across sxjijects mtMn each 

ejoerimental group. 

Ori each trial a cue was presented 500 msec before ttm stimjlus appeared. 
The cue was always the same as ttm positive stinulus. 

Subjects 

Two p^ps of diildren were select^ tram each of &ades 1 throu^i 3. 
In each pmde eight clml*ren verm randoiLLy Mnpled from ffcupm previously 
desiffiated as "readers with sevwe difficulties" Cpoor), and "advanced 
readers" Cgcod). Hie desipiations vmre nade far the sdiool readlj^ pr-opam 

f 

on the basis of tea^iers' ratings. In addition, ei^t college students 
with no Imam reading deficit were tested on all eight tasks. 

Ffaterials arri j^pparatus 

The stlmilus lines for t>K tteee tasks voce presented by ^ readout 
tubes with 2" x 2" sOTsens. ft«eding the stinulus line by 500 msec tlwre 
was flashed on the SOTeen a cue which on all trials matdied the positive 
stiJiulus. The subject responded to a single Uitton 5 indies to the right 
of the lEE redout sotbot and at a tilt 20 dep^es frcm t}» VMirloal. 
Onset of the line stimulus in the seaman initiate onset of a S-torriard 
Electric tiror. A button press frcin subject produced stinulus offset 
and stoi^lng of the tim«'. Ordex> of positive and negative stimuli was 
controlled by hand Isy tiie «^^imeiTt«' vAio m.B situated beside tJw s\&ject. 
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Response tiirES were retarded nanually fran the timer and the timer was reset 
before each trial. 

Each subject was tested Individually, tjie ff'adm sdiool diiia:«n In a quiet 
■DDom in the eleiBntary school, ttm college students in a labOTmtory rocm in nie 
iMversity psychoio©? deparonmt. Each subjwt sat apprrodjiBtriy 30 on in ftont 
of the stijiulus-presentation sOTeen, and was instructed to ke^ his ijidex finger 
on the response button at all times. 

The ei^t orientation-pair mmks ymm test^ at two times in ord^ to 
avoid fati^ae effects. All subjoits received five practice trials of the 
task before each block was test^. Also, before ea^ ta^ the ej^imentar' 
shov^ed the s\i)ject the two differait lines ■Oiat would be used, «^lain®d 
which one he should respond to. If the subject did rat show satisfactory 
und^staMing of the task afttt* ttie five practice ttials, additional trials 
w^ presented until the subject seaned to la^OTstand ccnpletriy. No 
subjects were eliminated for lad< of abili-^ to ptt'fonn the task. Ml 
subjects were instructed to respond as fast and as acctffately as possible. 

Results 

Percsitages of false alanns produced W the ffade sdiool saiple for 
each of the ej^erimental ^ups are shown in T^le 1. As can be seen, poor 
readers made nore errors than ^od rmd&cs orly in Qrmde 1, and the diff««nces 
are small. Oily one si4>ject r^uired retestlng of one of ttm orientation-pair 
tasks. Error rates for the oollege-level read«« are ^own in Table 2. None 
of these subjects reqmred retesting because of un^ceptably faase alarm 
rates * 
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Ttm siOTnary of a ttoee-way ^alysis of v^i^ice for tha grade sdiool 
reaction tin^B is shown in Table 3* Ttm^ are sigiificmit main effects far 
reading level aM task^ but not for ^de, Nanm of the irtttBctims arm 
significant. In iiie amlysis of v^i^ice pa^foiroed on tl^ reaction ttoes of 
the adult sOTple, task also produees a sig^iificant effect iFO^&Z) ^ 3.70^ 
p<.005) , 

Duncan's multiple range test was used for multiple connp^isons among tbm 
eight tasks for both the younger and college sai^les. Significait R vriues 
were obtained as shovm in T^le 4. ftcm these imiltiple coro^isonSp ttens it 
can be seen that for all ^cupSj ©ccept good readers - Gtade 2^ Task 8 pxduces 
signific^tly longer reaction tMes timi at least Tasks 1 and 2. For the 
poor read^Sg howevtt^j Tasks 6 ^d 7 also produce significantly longer reaction 
times than sane of the other tesks* 

Discussion 

The nemrophysiologically^ OTgnitivej ar^ ptt^epfeally-oriented approaches 
to the study of processing of line oriCTitations ^edict that developntental 
differences should occm^p at least in eoi^M^djig young children and adults, 
Ihese differences are clearly supported here in both the false alarm rates, 
and in the reaction tmes. College-level sttbjects are fast©^' (by at least 
500 msec) and WDve ac^jrate th^ the youngs aibjects. DisCTimnations 
involving slanted lijies ^^duce little difficul-bj^ for college-level subject s^ 
except when two lines slated in the SOTie direct iom have to be discriminated 
(Task 8)* For the younger siJbjectSi good readme show the Mme difficulty 
also in discriminatij^ Itoes slanted in opposite directions (Taste 6 *ind 7)* 
It is toport^t to rote that yair^Q^ diildren show considKmble i^eaction tme 
variations across the ei^t tasks. College-level readers , hwaver^ shDw a^st 
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exactly the sane reaction time for all the disOTijimiatioffis except that of 

Task 8. ^Is re^lt my point in the direcftiOTi of devaLopnent of what L^ec^e 

(1873) and Pdsn^ aM Snyder (1974) call /'autcfnaticity'^ of prOTessijig* Wmt 

this me^s is tlmt the distmctive features of stSmilus foms which are necessM^ 

to detect that they are diff^wit r^uire an asjmiptotically OTall arount of time 

to bring into ^^attentioml readtoess," LaB^e (1973) points out this phenarenon 

by showing tMt even sijObjects are prepm^^ to re^nd to author task Jid 

suddenly presented with a l&tt&p discrimination ^ they are as fast on that 

discrijnimtion as wl^ they are specifically prepm^d for it, :fesnar aiid 

Snyder (1974) docunent that faniliar disOTJudnatlons can occur mttout any 

loss of speed j ev^ when another task is betog processed sinultaneously. The 

present s^dy shows that regardless of vfliat line orientations arm to be 

discrimnated (^cept in Task 8), college-^level Ejects show fast, 

and ^ual latencies. The youngar* read^s are mich slow^t md the variation 

in reaction twies across the tasks stows that autOTaticity as ijd^ed in aspnptoticallj 

low reaction time across the tasks ^ could nrt ^ssibly be occi^iiTg, This 

finding is strij<ing in that the line-OTlmtaticn task seems one of basic 

sijTplicity, 

A final point ln^rtant to m^e, is that canp.arisons of youngs good 
readers ard older poor readers does rot yield the wlmlarities ©^ected under 
a "developmmtal lag" hypothesis* In oth^ words , 1 good re^^s do rot 

^how the sajne pattern and g^aral speed of reaction tmes that poor read^s 
do in Grade 3. Unless the lag is p^t^ -flim tm yearS| it is not 
acci^te to say poor rMd^^ access like youngs gOTd readws. In view of 
the present results ^ a reason^le hypothesis is that poor read^s rot 
developi^ autOTnatici'^ in processing of m&n. the steplest set of 
discrin:mation tasks as was tested here, Si^stmtiation of m^h mn hypothesis 
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will require tappSni good rmAws at ages youngtt' than six years, and follcwing 

the pattern of latenoies far pOOT readers through levels ahove ^de 3, 
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Table 1 

Mean ftotabilily of a Falsa Mean. Errw for 
the Ei^t to'ientation-Pair Tasks (&ttde Sohool Readere) 



Tasks 

amde 18672it35 Mean for all 

the tasks 

"Poor ReadOTS 

1 .09 .13 .19 .16 .11 .13 ,08 .13 .13 

2 .09 .08 .06 ,09 .08 .09 .11 .05 .08 

3 .09 .09 .03 .17 .05 .05 .08 .05 .08 

Qood Ready's 

1 .03 .lUCl) .U .06 .06 .05 .08 .03 .07 

2 ,09 .16 .m .08 .06 .03 .03 .02 .08 

3 .02 .13 .06 .11 .02 .03 .05 .08 .06 



Note. Ihe nuntoer in parentheses refers to the blodc vtfii^ lad to be retested 
because of sai miaeceptrt>lB mrov imte. 
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Tablfi 2 

Mean Ppobability of a False Mjom Bmor tar 
the Orietitatloiv-Pair T&^a (CoUege-Level ReadeM) 



Taste 



Mean fOT all tasks 



.00 .03 



,02 .02 



,05 .08 



,00 .00 



,03 
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Table 3 

Simnary of an ^alysis of Variance fav 
fM» Qc^m X jteadlng Level X Task (aade-Sdiool ^adffl«) 



Source 


OX 


MS 


F 


Bs'tween 








Readuig level 


1 


2081080.0 


13.19^ 


C^ade 


2 


2862.4 


.02 


Read^ level X Tad< 


2 


36817.1 


.23 


Eiror (a) 


1+2 


157757.0 




WitMn 


336 






Tasks 


7 


90872.1 


5.65^ 


Level X Tasks 


7 


23S34.7 


1.46 


Grade X Tadcs 


14 


17322.9 


1.08 


Level X a^e X Tasks 


14 


• 13146 .T ' 


.82 


Errw Cb) 


294 


16092.5 





^tffdSiaaxtc. at p<.001 
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Itiltiple-Kange Tart (Gnada S^ol tollega-Le^^l Readers ) 



Task pairs wMch sipiif isant 
Gmdm R-values w^ra obtained 

Poor readOT'S 

1 , (1,6), (1,7), (l,8)s (2,8) 

2 (1,8), (2,8), (3,8), (i+,8), (5,8) 

3 (1.7), (1,8), (2,8), (2,7) 

Good vmdmB 

1 (1,8), (2,8), (3,8) 

2 No 'to^cs sigiificairtly different^ 

3 ' (1,8), (2,8) 



College-levri readara 
(1,1), (2,8) 
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A. 
B. 
C. 
D. 



A A 



li Comm IN wHioi miLDraN had to draw horizdntal CA Arm B) 
OR vEm-icAL (C m D) lines, In C wii^m had to draw -m tree on the 

MOUMTAINS, In D ffllLDRB^ H^ TO DRAW A MAN IN THE CAR. 

(FFm MacIOvy^ teAarcwj^ at© Wil^^ 3372) 
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Figure 2\ Reactipn Tif€S for the up ORiErfTATioN tasks (poor re^je^ 

AND COUEGE-l^^ REWKS) 




2 3 4 5 6 
ORIBfTATION T/^ 



8 



^ COLL£GE-LEVEL 



■ApOOR-a^ 1 
■« POORtGRADE 2 



o— B .POOR-^ADE 3 



108 



Figure 3; Reaction rim for the line ori^itaticn tasks (soqd mmm) 
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fiOL m'om on the madiud ^ear« projict 109 

To I PMrtlelpatlng teaohers and adMnistmtors, Cimnvlll© Elementi^ Sehool 

Prom I Isther ThoMon 

Assistant PTOfessor 
Dt^rtment of Psyoholo^ 
D#nlion University 

Introduotlons 

As you know, Jane Kolloway has b©sn testinf ohUdren In the 1st, 
2nd, aM 3rd gMdcs on eertaln perceptual tasks. Yow oooparatlon 
and sufgestlons have been invaluable to ovir worfct B#oause your support, 
understanding t and ideas are so Impsrtoit to our progress i He h^ope to 
esrpiain telef ly in this report what we Imve done so far wd what the 
next step will be. A previous report enminlng inmrtlats praotlcal 
applications of this resewroh was sent out to aU teaehers last spring 
and is available to aiqr who ue Interests. 

The Research and its Purpose i 

Although there are at present mny tests (e.g., IWA, Stairford 
Diagnostic Heading Test, Metropolitan Readiness Test) which can 
distinguish a child with reading difficulties from one who Is pro^sslng 
satisfactorily, there has been little work done toward developing a 
test of teslc perceptuai processing chM^cteristlcs of efficient and 
poor readers. If we had a reliable screening device which could detect 
at an early age those children who wo^d most likely eKperlsnce difficul- 
ties in learning to read, these children could be given a variety of 
perceptual'motor training tasks In the hope of providing them with 
some useful remedial help. Thm Msearch being done at the elementary, 
school now Is ain^ at developing Just such a screening device. The 
questions aret (l) What tasks will best screen processing character«- 
istlcsi and (2) Can we discover ]^cesslng nodes ttat are clearly 
different in good rod poor readers* This resewch program Is supports 
\fy a ^ant from the National Institute of Mucatlon. 

Bqierlmtnt #ls 

The ^obleras This erpertment. Just completed, eJMiln^ reaction 
times of poor, medium, and good readers to various combli^tlons of 
dlagonali horizontal, and vertical lines. It has been suggests iy 
a Plagetlan psycholo^st , David Olson ( 19?0 ) that dlscri^na tlon of 
the diagowl Is not a question of simple recognition § but mther an 
Indication that the child has develops a system for perceiving flgwes 
In terms of certain critical attrtbutes, Althoi^ children /tolow the 
age of six or seven have difficulty dlfferentljLtlng the i..'.^^ from 
lines of other orientations, Olson M^rts that most cW above 
^Uiat age can handle the diagonal successfi^iy. In oUier words ^ an 
IjiiportMt "crttlcal featu»,*V namely line orientation I 
process^ £y chlUmn above G^^e 1. In the imsent s 
t^poUiesi^ed , however, ttat a Ugh^ sensitive measwe of ]^ocessing, ' 
reaction times to lines dlffertng in orten^tlo 

dlfflc^ty with tte diagonal, abo^^^^ poor r^ers. 
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ipeaiflaallyj it Is aj^ected that poor readers wlU exhibit mora 
errors than good readerav and will bemuoh slower in dlf fere 
tetwean lines of vajflous orlantations. If poor readers are not only 
less efficiant in progessing orlentetion features, but also doing 
their differentiations with different proaessinf modes » the pattern 
of reactions times (as Irriexed by which ©rlentation tasks Me most 
difficult) they show will be different from fast readers. 

Method i 

To test the mhovm hypotheses, the children in three ^oups, fast, 
medium, and poor reading, were asked to pa^ a button whan they saw the 
"yes" line light up in a scw^n, ^t not when the **no" line was presented* 
There were three tesksi 

Task li ^ Task 2 1 ^ j T*sk 3i \ ^ 

yes no yes no yes no 

Preliminary results! 

Sittprlslngly, poor readers Bxm not less accurate than ^st readers 
in any grade, but medliwi readers aw slgnlflcwitly less accurate than 
both the other groups in Grades 1 and 2* 

Ju estloni Do you find m^lura level readers to be more •♦impulsive" 
than slow or fast readerstj 

In terms of ovenll spe^^on the timee taste, 'bere are no 
significant differences tetween good, medium, Md poor readers In 
Grades 1 and 2, Major differences occu, however, in Grade 3 where 
good readers are faster than medium readers, and m^itm readers are 
faster than slow readers. This is especially interesting in that 
Olson would predict that by third grade teere should be no differences 
in the three groups since the tasks should all be very well learned 
by that time. TOe result does support Jay Samuel's (1973) hypothesis 
about poor readers, name]^ that they never sufficiently "overlearn" the 
most basic, simple tasks imderlylng discrimination of letters* Because 
they remain slow in the basic sub* tasks, with addition of each increasingly 
complex reading skill, they fall furtter ^hiai. Samuel's suggested 
remedy is simply practice, practice, and more practice on the most 
basic sub- tasks, like the one we ^ve the chiUlren* 

Concerning ^ttems of latencies across the toree tasks, teere 
appear to be differences between good, medium, and poor readers, when 
the children's responses are pooled * (See Figure Is) But within 
^oups, the mriance (variation) is enonaous. It Is here tte greatest 
amount of work ne^s to be done* PM^ttier statistical analyses must 
be run before it Is reasonably clear whetoer differing pTOcesslng 
modes are appearing. ,.lt will also be helpful to compwe -Wie Individualb 
responses in this esq^erlment to ttase in ttie next two es^eriments. 

Bie q^uestion of whetoer poor readen ^ocess differently, in addiUon 
to processing more slowly is m Important one f or understt.iAing reading 
problems* It is at that question, of course, that thie wliA the nact 
experiments are aimed. Results from Es^eriment 1 Indicate that different 
kinds of pMcessing we a ve^ good possibility. 
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B^ariment #2i 

^a^ext expa rlme nt m want to ran will allow oom^rison of how 
^^^Xnd^oo?^Sffl.ars~^"pu^ 
will bt dropping the medium readers from this study because they appaw 
to be too much a hetereogeneous ^oup. The seeond experlaent will also 
axamlne reaction times, but will cut down on the nwiber of trials run 
so the idiole session with each child will toke only 10 minutes. To 
fisher decrease any iaeoavenience to the teachers, we are asking you 
to give us very specific information about when we should not take 
the children out of the classroom. A sheet for llsttng of yoiup time 
References (if you have not already done so) Is Inoli^^ at the end of 
this report. 

In conclusion t results to date Me ve^ enco^^^lag^and we are excited 
about futMe possibilities. We do appreciate your help and cooperation. 
If you have any suggestions for procedure or hypotoesesp please do not 
hesitate to speak to Mrs. Hollowayp or to call^mr at 587*0810 (ext. 48^). 
The suggestions we have received so far have been excellent, and several 
of them a^e Incorponted into the second experiment. 

We hope this Information has been Interesting to you. A thorou^ report 
SltA descrtptlon of individual children's work wiU be sent out next 
sprinf . 

Thank you very much. 
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TiDSLL 'R^art an the Read^ Ras^rdi K^ject 

To: Participatiiig tea^ere and ^Jdms-teatOTS, Swiville ElOTiOTtary S^^l 
Fran: Esthmp nra^orij Asslstent 'ProfesBor^ D^iison ttiiva^si'^ 



preSOTt r^pDrt s™ramzes tiie resiits of foi^ ^^ertomts ttat Mve 
been COTpleted sines the last r^OTt, As poijit^ out in previaas r^artSj ^5>er»i- 
mmtal p^?^iQl^p,sts frequmtly have Siown ttat poar readers do processioTg 
of si^ie disOTiminations as acciffmtely as do good TmdmB Ce#gt $ Bla^s 19735 
Leslie £ Calfees 1971), All of tte studies summrized tmom tfiDw ttiat poor 
readers do y&oform. neffl?ly as acciffmtriy as db good rMdtt*s-^but ttiey do so with 
invaric^ly a mi&i slowtt* rMCtiOT time, Samiris (1973) euggerts ttmt npet 
teadiers theniselves steess aaoOT^r^ but ^ iiat steess ^eedi ffl^t it not 
be^ howeva's tiiat ^eedt at least cti '&m v&cy s^^le tadcs usal in the presort 
researdi^ is essOTtial to eventuri ^fioient reading? Biis sems r^sonable in 
li^Tt of the fact -Uiat reading itself miBt be cami^ out fairly ^aiddy, 
and aertainly tl^ ixnpOTmt pcroedures iiRralved in reading mist go on very 
quiekly, even "autcrotioally" (or mthout ottoSctis attOTtion), Ea^ of 'Q^ 
four studies desa^ib^ below ^ow ttiat poor read^^ are sli^ly not devri^ing 
the speed that good rmdrnvB in equivalOTt grades sopb dOTWistrating, In one 
taskt in fart, there ipre inCTMsing dif fermees in sp«d amoss firsts seomdp 
OTd third p^es, 

Q^^OTiront 1 presmted diildt«i with fam tasks. First , tl^ wOTe to press 
a response key if tiie word "fim" ocoffr^p but rot if "fan," or "ftm" ^ 

a^em^i Tim ^Owm "catdi" wrards insiff»ed ttiat the dul^w Imd to look at evecy 
letttt* of Uie word before re^onding. Ttm seoond ta^ ms to respond if f . , 

a^eared, nrt if b appeared. Ttm third task involve re^onding to u, nrt a; and 
the fourth involve responding to n, not r. 

It has been shown -fliat adults ami prooess a ttree-lett«* word as quidcly as 
they can process tte wost diffiailt conpmOTt letta*. As stawi in Figure l, 
good readers closely approximate this attrdbute of adult perfocTOnce by third 
grade. Poor readCTS, however, do wt. First pade pOOT reada^s vflio e^roially long 
reaction tiines to the wOTd, 

EKpK^ljnent 2 presOTtal good and pWD re^«s with -aKree letttt^-disanijninatiOT 
tasks (E-B, Z-V, N-K) each of whidi aj^eared in tteee cOTt»rtsi (1) the 
letter presented singly; (2) the lettm^ presmt^ in a wrd} «rf (3) the 
letter presented in a ttoee*wrd phrase , AiAilts shew ^^ii^ 
at iMSt to sii^le letters and lett^^ appearing in wrds (Tha^sOTi S jtessOTo, 
1973), It was hypothesiE^i howwOT, tiat staoe poor Tmadms slwrod rela- 
tively slow reaction tlmss to tiie wa*d in B^^immt Is -tiiey widd be negatively 
affTOted by ccmtwts (2) (3) in the preSOTt s-^d^. M simm in Figures 2 
and 3 , this hj^rthesis was m:^ 3pcr ted, only Jot f iret grad«^ , This 

mMns, tHm^ ttat picking out a sl^^eilrt^^ ftOT 

far ^or read«*Ss at iMst in ar«des 2 aM 3, Dwteadt the problm is "puttlj^g 
the letters into wqrd*Las require in a^erlj^ that is produQlng the 
slowness in processing ^»le words. 



B^r^ent 3 ^oA^^ p&A]Spm -tiie itoBt siar^isiiig results* A^inp go^ 
poor rMd»s tested* Tim task was a sinpla one tl« ^did adced 

to ^ss a re^nsc key if the letttt* nrae he teffd tte smm as a lettw 
siimiltan^aly ^^ssOTt^ ^drnjaHy to him. Al-toDu^ s^mj^ly tJie sii^lBSt 
possible auditOTy-visuri intepmtion ta^^ it has rat prevtously bMi test^* 

As sto&m in Fi^rc ^^ poor readOT w»e at aH three pade levtf.s slo^^^ 
than good i^dops. Ttmm tos to stotisticaUy sipdf leant dian^ ovM^^^de in 
ttie reactiOT t^s of eittep ot pow read«^t but tlte Mffmeitoe in the two 
^i^s actually iiCTeased aOToss tlm pwles. ^ Grade Is poor readtt^ average 

a reacrticai tine 124 msM* sIdwot than g»d rwdtt^* Di toade 2 tte ^f(tt«^ 
increased to 252 tom^^ in tole 3 the diffawce was 281 mm* Bofth ^od 
and poor readers show^ n^^ly i«rfeat accOTacy on tte tadc. 

D^araneirt 4 ^OTdn^ reaction times in tw laatdiing taste and tm 
"prepMmtional srat^ing" tedcs. Ibi tte lettttHmtdmig t^t ^dld 
preserrted ot nost teials mtti two lettere si^ by side, Vtm letters wwe ttm 
mmm the child was to press a respOTse loey. If tl« lettOTs wme diffei^mts no. 
response was r^ulred/ On rai^m teiaISs hP^Wtt*^ a tlffee-lett» wrd appe«^ 
beside a nine (towing. If tte word lOTed ^*iat was ^omm^ a re^nse ^as a^in 
Tw^niTwl. In tiie "msaning" matdi trials ^ prooediTO was rev^^d, UauaUy 
a word appeared beside a line dtawing* On randan teia3^ tTO^^^^ral^ffl^arai*— — — 
The pro<Mdiffe was carefiiUy m^lsdh^ to ttie duid tefOTeTie was test^* 

Ihane essmtially foiff taskSs tteis in ttie pr^OTt stiKtys and b21 seem 
closely related to tl^se ttiat have to oomw in ttie piroess of learning to read, 
Le-tter discrinamtion itmt ocoiBri natdiing a ^toeaning" to a wprd jiust occurs 
and ftaquerrtly the yoisig readw inust sm.tdi Socm letter to meaning levris ani 
ba^ again. . _ 

Ihe results are shMi in HgiTO 5* Poor vmd&CB are oray sli^tly s3jdw»^ 
thm ^30d readffi^ in natch^ lettOTS whm pr^^red to so <lrtttt»s-prepOTaticffi 
1^ials)s hrt are considerably slowtt* in laa^nni lattare when not ^'^ated for 
that task Cletters-switdi triris). These diffwwces are esproially p*eat for 
firrt ^dtt*s. For n^aning mttAeSt pror rMd»s are irmh slowtt' ttian good 
r«dOTs ^ett prm-^oei fOT the ta^t «^ ttet dif fw^we inOTeases sli^tly 
when they mrm oDt prepared for the task. A^inp first gMde poor readers 
stmi much mare diffiOTlty mth ttie task ttim do my ottw? ffra^s. 

Taken togetii^t what jimn gmOT^l'ty be ctrom fram these studies? 
ftobably the mDst important point is tlmt of tte la^ of autOTiatlci-Qr in^ 
pTOcessing slj^le pOToeptifll disOTiiidnEticms Amm ly ppor reaydffi^* Againi 
autOMticlty is defined M the ^ility to p«*f OTin ^ or ncM^wesslng^ 
tasks sinultoeously^ wdttout any lessening of ^^d OT aoci^^ 
1 showed that good readtf^ cotb close to pifQQwa^s u 
^ocess three lett«^ (ii a wwd) siimltansously mthbut d 
or ircrease in sp^d* P^a* vmdmm slnti^ 

to autcnatici^ ptttfomames* B^«dmOTt 4 looked at automatici^ in 
a di^wmt i^/^ apdn dtemonfftoat^^^ 
pointed out in a reowt stu^ "ttmt^^^ 

for adults in sio^ile dlsOTamlnations . ^y cm ^SOTimMtet v for ^iiiple ^ 
"new" lettOTS (e.g. t to as quidd^y as alphabet lett»s, B^t in the 
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smtcMng taskj as used h&om m T^^cismit 4^ the n^^lettOT ^SOTiminaticns -teke 
imdi iDngCT* than ripl^et^^lettw disarMajiatioiis* Botii good poOT readtt^ 
(«c^t fliwt grede poOT* reMere) sto?^ to ^panjnent ^ close ap^^^dinatlons 
to autonatiai^ ps^ponses fOT latt^ imtdteSs but mu^ less closs appTOS^ations 
to autonBticity res^nses fOT laeamjig natdiss. A^iiif poco? readCTS were the 
fiffiSiest removed f rcm airtaatici^ re^cmsas* 

It ssCT^s to view of this kir^ of fij^ijigj t^t^pCThips waom mptmsim sho^^^ 
be placed an overtoatotog CSOTwelSp 1973). This Mans .ttrnts e^t ^ially fOT poor 
readers^ toatotog should go on not jiist for aoOTCrnQTs tart initially for* accural, 
and then coirttoued ttmtotog for speed. Ev«y ©^ertoterrt porfwrod to tite presont 
series si^^rts ttat notiOT "ttiat on sinplet basic pOT^ptual discrtoitoaticn 
taslcSj poor readera fmx^y a^ratSs but usially v&cy sloi^* Hopefully ^ 
toorease to ^eed of prooBBBix^ on stople, oonponOTrt tad^ rriated to reading 
will help poor readers wdvb toamd ncre efficiOTt mnd ^mfident reading sldJAs* 
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